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learning	 experiences	within	 distributed	 communities	 of	 interest.	 A	 central	 challenge	 for	 Citizen	
Inquiry	 is	 to	 involve	 citizens	 in	 planning	 and	 implementing	 their	 own	 investigations,	 supported	
and	guided	by	online	systems	and	tools	within	an	 inquiry	environment,	while	collaborating	with	
science	experts	and	non-experts.		
This	 thesis	 explores	 how	 to	 create	 an	 active	 and	 sustainable	 online	 community	 for	 citizens	 to	
engage	 in	scientific	 investigations.	To	 this	end,	 it	 investigates	 the	design	of	online	communities,	
recruitment	 and	 retaining	 of	 members,	 factors	 that	 engage	 or	 disengage	 members	 from	 the	
community,	 and	 whether	 and	 how	 members	 learn	 throughout	 their	 participation.	 The	
intervention	 comprises	 two	 iterations	 of	 Citizen	 Inquiry	 communities:	 ‘Inquiring	 Rock	 Hunters’	
and	‘Weather-it’.	The	communities	were	accommodated	by	the	nQuire	platform	and	the	nQuire-it	
toolkit,	 respectively,	 software	 designed	 and	 structured	 to	 support	 collaborative	 personally-
meaningful	inquiry	learning.		
The	 findings	 of	 this	 research	 are	 explained	 through	 an	 analysis	 that	 compared	 the	 two	 design	
studies	with	previous	 research	on	citizen	participation	projects	and	online	communities.	Results	
highlight	 the	 importance	 of	 frequent	 project	 communication,	 multiple	 ways	 of	 participation,	
software	 usability,	 and	 interaction	 and	 collaboration	 between	 the	 members,	 while	 indicating	
disengagement	 factors	 such	 as	 lack	 of	 time,	 interest	 and	 confidence.	 Different	 categories	 of	
learning	 are	 identified	 (activity,	 on-topic	 and	 community),	 emphasizing	 the	 understanding	 of	
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This	PhD	thesis	 investigates	how	citizens	engage	with	online	scientific	 investigations.	 It	explores	
the	 creation	 and	 maintenance	 of	 online	 Citizen	 Inquiry	 communities	 that	 involve	 people	 in	
creating	 and	 participating	 in	 collaborative	 inquiries.	 This	 chapter	 describes	 the	 background	 and	
motivation	 for	 this	 thesis,	 along	 with	 a	 synopsis	 of	 the	 related	 research,	 a	 summary	 of	 the	




citizens	 recognise	 the	 benefits	 from	 involvement	 in	 science	 and	 technology,	 they	 experience	
difficulties	in	gaining	information	and	developing	understanding.	It	is	this	lack	of	scientific	literacy	
that	motivated	the	 focus	of	 the	present	research.	The	 involvement	of	citizens	 in	public	decision	
making	 has	 always	 been	 an	 obligation,	 but	 now	 is	 even	 more	 vital	 in	 addressing	 problems	 of	
common	 concern	 (McCallie	 et	 al.,	 2009).	 Citizens	 are	 required	 to	 adopt	 a	 sense	 of	 shared	
responsibility	 for	 issues	 regarding	 their	 communities,	 or	 furthermore	 the	 world,	 and	 become	
active	during	the	change	process	as	this	is	linked	directly	to	the	well-being	of	the	community	and	
hence	their	personal	lives.		
The	 PPSR	 inquiry	 group	 focuses	 on	 exploiting	 citizen	 science	 to	 boost	 public	 participation	 in	
science	 (McCallie	 et	 al.,	 2009)	 by	 involving	 citizens	 in	 authentic	 scientific	 inquiry;	 that	 which	
scientists	 conduct	 in	 everyday	 practice	 (Roth,	 2012).	 PPSR	 projects	 involve	 citizens	 in	 research	






(Alabri	 &	 Hunter,	 2010;	 Conrad	 &	 Hilchey,	 2011).	 Thereby,	 strategies	 for	 improving	 citizens’	
engagement	 and	evaluation	of	 projects’	 results	 focus	mainly	 on	 the	 scientific	 outcomes	 for	 the	
researchers,	 whilst	 from	 an	 educational	 perspective,	 little	 research	 has	 been	 yet	 undertaken	
(Edwards,	2014).		
Inquiry-based	 learning	 (IBL)	 has	 been	 acknowledged	 by	 the	 American	 Association	 for	 the	
Advancement	of	Science	(2008)	as	a	good	way	to	achieve	scientific	literacy	as	it	engages	people	in	
the	 process	 of	 science.	 Thus,	 learners	 pose	 questions,	 generate	 and	 analyse	 data,	 draw	




Citizen	 Inquiry	 is	 proposed	 as	 an	 informal	 learning	 approach	 that	 combines	 components	 from	
citizen	 science	and	 IBL	 (Aristeidou,	 Scanlon	&	Sharples,	2013;	 Sharples	et	 al.,	 2013).	 The	aim	of	
Citizen	Inquiry	is	to	produce	learning	experiences	within	distributed	communities	of	interest	and	
empower	 citizens	 with	 skills	 used	 by	 scientists.	 Thus,	 it	 supports	 citizens	 in	 planning	 and	
implementing	 their	 own	 personally	 meaningful	 investigations	 in	 collaboration	 with	 science	
experts	 and	 non-experts.	 This	 perspective	 of	 personal	 inquiries	 that	 reflect	 the	 everyday	 life	
activities	is	argued	to	enhance	the	reflection	of	citizens	about	the	nature	of	science	and	scientific	
inquiry	 (Schwartz,	 Lederman	 &	 Crawford,	 2004),	 engage	 learners	 with	 even	 unexciting	 data	
(Woodgate	et	al.,	2008)	and	place	them	at	the	centre	of	authentic	scientific	inquiry	instead	of	the	
“periphery	of	authentic	contexts”	(Schwartz	et	al.,	2004).		
Citizen	 Inquiry,	 unlike	 many	 citizen	 science	 projects,	 engages	 citizens	 in	 all	 the	 stages	 of	 the	
scientific	 process	 and	 its	 main	 focus	 is	 on	 learning	 about	 the	 scientific	 process.	 Inquiry-led	






However,	 opening	 up	 the	 scientific	 process	 to	 distributed	 communities	 of	 citizens	 is	 still	 at	 an	
early	stage,	raising	questions	about	how	citizens	can	engage	 in	this	challenge	of	Citizen	Inquiry?	
The	 creation	 of	 online	 Citizen	 Inquiry	 communities	 allows	 study	 of	 the	 engagement	 of	 citizens	
with	scientific	 investigation.	The	different	stages	of	the	 lifecycle	(Wenger,	McDermott	&	Snyder,	
2002)	of	an	online	community	have	been	examined	 to	 facilitate	 the	creation	and	monitoring	of	
the	community	and	provide	approaches	and	strategies	for	each	stage.	Furthermore,	research	on	







The	 initial	 intervention,	 ‘Design	 Study	 1’,	 was	 developed	 around	 the	 ‘Inquiring	 Rock	 Hunters’	
community	with	the	aim	of	understanding	the	engagement	of	citizens	in	scientific	 investigations	
















5. Inquiry-led	 environment:	 How	 effective	 is	 the	 web-based	 inquiry	 environment	 in	
supporting	engagement?		
6. Experience:	What	kind	of	experience	do	people	gain	from	taking	part?	
A	 second	more	 extended	 intervention	 ‘Design	 Study	 2’	was	 developed	 around	 the	 ‘Weather-it’	
community.	 The	 outcomes	 of	 Design	 Study	 1	 highlighted	 the	 need	 for	 an	 improved	 sense	 of	
community	and	sustaining	of	the	engagement	levels.	As	a	result,	the	main	research	question	is	re-
formed	 to	 include	 objectives	 around	 the	 creation,	 activity	 and	 sustainability	 of	 online	
communities	(RQ1)	and	the	impact	of	investigation	ownership	on	the	level	of	engagement	(RQ2).	
The	engagement	of	citizens	with	the	inquiry	process	remains	part	of	the	research	question	(RQ3).	














• A	 review	 of	 the	 theory	 and	 practice	 of	 online	 communities;	 the	 lifecycle	 of	 online	




• The	development	of	design	considerations	 for	 the	creation	of	 future	Citizen	 Inquiry	and	
other	similar	online	communities.	
The	innovative	nature	of	this	PhD	research	lies	in	the	following:	
• The	 citizens	 participating	 in	 the	 Citizen	 Inquiry	 communities	 of	 this	 research	 are	 not	
limited	to	collecting	and	analysing	data	as	in	most	of	the	PPSR	projects.	On	the	contrary,	
they	are	guided	to	get	involved	in	all	of	the	inquiry	phases	of	the	scientific	investigation.	
• The	 design	 of	 the	 two	 studies	 was	 focusing	 on	 supporting	 and	 improving	 the	 learning	
outcomes	and	not	only	 the	 scientific	outcomes	as	 in	other	PPSR	projects.	 Thus,	 science	
learning	does	not	happen	as	a	side	effect	of	citizen	participation	in	the	project;	instead,	it	
is	the	result	of	targeted	design	for	learning.		
• The	 participants	 of	 the	 Citizen	 Inquiry	 communities	 are	 given	 the	 opportunity	 to	
investigate	 personally	 meaningful	 science	 and	 thus,	 create	 and	 conduct	 their	 own	
investigations	 based	 on	 their	 everyday	 science	 experience.	 This	 has	 led	 to	 the	
development	of	citizen-led	communities	of	scientific	investigations	where	citizens	are	not	




• This	 PhD	 research	 employed	 the	 collection	 and	 analysis	 of	 both	 qualitative	 and	
quantitative	data,	providing	a	better	picture	of	 the	participation	and	 learning	within	the	
community	and	improving	the	interpretation	of	the	data.	





the	 European	 Conference	 on	 Technology	 Enhanced	 Learning	 co-located	with	 the	 EC-TEL	
2013	conference	(pp.	7-13).	Paphos,	Cyprus:	CEUR.	
• Aristeidou,	M.,	Scanlon,	E.,	&	Sharples,	M.	(2014a).	Inquiring	Rock	Hunters.	In	C.	Rensing,	
S.	 de	 Freitas,	 T.	 Ley	 &	 P.	 J.	 Muñoz-Merino	 (Eds.),	 Open	 Learning	 and	 Teaching	 in	
Educational	 Communities,	 Proceedings	 of	 the	 9th	 European	 Conference	 on	 Technology	
Enhanced	 Learning,	 EC-TEL	 2014	 (pp.	 546-547).	 Graz,	 Austria:	 Springer	 International	
Publishing.	
• Aristeidou,	M.,	 Scanlon,	 E.,	 &	 Sharples,	M.	 (2014b).	 Inquiring	 Rock	 Hunters	 (Pilot	 Study	
Report).	doi:10.13140/RG.2.1.4975.4323	
• Aristeidou,	 M.,	 Scanlon,	 E.,	 &	 Sharples,	 M.	 (2015).	 Weather-it:	 Evolution	 of	 an	 Online	
Community	for	Citizen	Inquiry.	In	S.	Lindstaedt,	T.	Ley	&	H.	Sack	(Eds.),	Proceedings	of	the	









• Sharples,	 M.,	 Aristeidou,	 M.,	 Villasclaras-Fernández,	 E.,	 Herodotou,	 C.,	 &	 Scanlon,	 E.	
(2015).	Sense-it:	A	Smartphone	Toolkit	for	Citizen	Inquiry	Learning.	In	Brown,	T.	H.,	&	van	




Chapter	 Two	 presents	 a	 survey	 of	 the	 literature	 and	 places	 the	 current	 research	 within	 the	
context	 of	 previous	 and	 related	work.	 It	 identifies	models	 and	 typologies	 of	 projects	 for	 PPSR,	
according	 to	 their	 activities,	 types	 of	 participation	 and	 goals.	 Then,	 it	 evaluates	 the	 informal	
learning	 that	 takes	place	 in	 these	projects,	 leading	 to	 the	 introduction	of	Citizen	 Inquiry	and	 its	




Chapter	 Three	describes	 the	 research	methods	 used	 in	 this	 research.	 It	 discusses	 design-based	
research	 and	 mixed-methods	 research.	 Then,	 it	 covers	 the	 design	 methods	 for	 the	 two	
interventions,	the	ethical	considerations	behind	the	design,	data	collection	techniques,	methods	
of	data	process	and	analysis,	and	outcomes	evaluation.		
Chapter	Four	covers	the	design	and	settings	of	 the	first	 intervention	(and	 its	pilot	study),	which	
was	 developed	 around	 ‘Inquiring	 Rock	 Hunters’,	 a	 Citizen	 Inquiry	 community	 for	 rock	
investigations.	 It	 describes	 the	 exploration	 of	 relevant	 projects,	 the	 description	 of	 the	 hosting	
platform,	the	project	preparation,	the	trial	study,	and	an	overview	of	the	study	results.	The	main	






creation	 of	 a	 sustainable	 online	 community,	 based	 on	 feedback	 from	 the	 first	 intervention,	
existing	 work	 in	 the	 field	 of	 online	 communities	 and	 social	 networks	 is	 reviewed.	 Then,	 the	
requirements	and	needs	for	the	online	community	are	outlined	 in	categories,	according	to	their	
importance	 to	 the	 project.	 Of	 those	 a	 subset	 is	 implemented	 on	 the	 hosting	 software	 (nQuire	
toolkit)	 and	 tested.	 Thereafter,	 the	 next	 stages	 for	 the	 community	 creation	 are	 described:	 the	
recruitment	of	members	in	the	community	and	the	use	of	engagement	techniques	and	strategies	
for	sustaining	participation.	
Chapter	 Six	 demonstrates	 how	 the	 results	 of	Weather-it	 project	 were	 collected	 and	 analysed.	
Each	of	the	design	aspects	(online	community,	engagement,	inquiry,	and	software)	are	considered	
by	exploring	quantitative	and	qualitative	data	across	log	files,	interviews	and	questionnaires.	Main	
findings	 include	 the	 importance	of:	moderator	 and	 frequent	 communication	with	 the	members	
through	social	media	and	emails,	notification	system	for	updates	and	responses,	multiple	ways	of	
participation,	 software	usability,	ways	of	 interaction	between	the	members,	 inquiry	activities	as	
part	 of	 a	 complete	 scientific	 process,	 and	 balance	 between	 fun	 and	 scientific	 literacy	 gains.	
Furthermore,	disengagement	factors	(lack	of	time,	interest	and	confidence)	and	levels	of	learning	
(activity,	on-topic	and	community)	are	identified.		
Chapter	 Seven	 integrates	 the	 findings	 of	 Inquiring	 Rock	 Hunters	 and	Weather-it	 projects.	 The	
findings	are	considered	in	the	context	of	the	research	questions	and	explained	in	comparison	to	
other	 previous	 research	 on	 citizen	 participation	 and	 other	 online	 communities.	 Possible	
explanations	 for	 the	 findings	 are	 also	 discussed.	 The	 chapter	 concludes	 with	 some	 design	
considerations	 for	 the	 creation	 and	 enhanced	 engagement	 of	 future	 Citizen	 Inquiry	 and	 other	
citizen	participation	communities.	









communities	 that	 will	 help	 in	 facilitating	 the	 creation	 of	 a	 citizen	 participation	 community	 for	
inquiries.	 Hence,	 it	 considers	 work	 exploring	 models	 and	 typologies	 of	 citizen	 participation	





Evidence	 shows	 lack	 of	 scientific	 literacy,	 according	 to	 the	 Public	 Attitudes	 to	 Science	 reports	
(Ipsos	MORI,	 2011,	 2014).	 The	 Public	 Attitudes	 to	 Science	 surveys	 reveal	 that	 although	 citizens	
recognise	the	benefits	from	involvement	in	science	and	technology,	they	experience	difficulties	in	
gaining	information	and	developing	understanding.		
The	 Public	 Engagement	 with	 Science	 (PES)	 ‘dialogue’	 or	 ‘participation’	 model	 (McCallie	 et	 al.,	
2009)	 was	 developed	 to	 engage	 the	 public	 in	 shared	 scientific	 activities	 and	 science	




science,	 establishing	 a	 citizen	 science	 inquiry	 group	 called	 Public	 Participation	 in	 Scientific	
Research	 (PPSR)	 focused	 on	 exploiting	 citizen	 science	 to	 boost	 public	 participation	 in	 science	
(McCallie	 et	 al.,	 2009).	 Citizen	 science	 projects	 are	 defined	 as	 “Projects	 in	 which	 volunteers	
partner	 with	 scientists	 to	 answer	 real-world	 questions”	 (Citizen	 Science	 Central,	 2015).	 PPSR	
24	
	
engages	 lay	 people	 with	 aspects	 of	 the	 scientific	 enterprise	 whilst	 the	 collaboration	 between	




observations	 were	 often	 reported	 through	 the	 mail	 (Raddick	 et	 al.,	 2010).	 Nowadays,	 these	
observations	 are	 reported	 through	 the	 Internet	 allowing	 the	 mass	 participation	 of	 citizens	 in	
research	 in	many	different	ways.	The	digital	era	has	boosted	the	role	of	 the	amateur	 in	science	
involving	 them	 in	 authentic	 scientific	 research	 (Alexander,	 2008;	 Bohannon,	 2009;	 Grey,	 2009;	
Hand,	 2010).	 In	 turn	 citizens	 have	 increased	 their	 impact	 on	 scientific	 endeavour	 (Mason,	
Michalakidis	&	Krause,	2012).		
2.2.2 Typologies	of	PPSR	projects		
An	 educational-focused	 research	 project	 by	 Bonney	 et	 al.	 (2009),	 having	 in	 mind	 the	 “Science	
for/by/with	the	people”	phrase,	examined	the	stages	of	inquiry	in	which	people	participate.	They	
categorise	 PPSR	 projects	 into	 three	 clusters	 according	 exclusively	 to	 the	 level	 of	 collaboration	
between	 the	 scientists	 and	 lay	 people:	 contributory,	 collaborative	 and	 co-created	 projects.	 The	
contributory	 projects	 (e.g.	 The	 Birdhouse	 Network2)	 are	 generally	 created	 by	 scientists,	 and	
members	 of	 the	public	 contribute	 and	 sometimes	 analyse	 data.	 The	 collaborative	 projects	 (e.g.	
Invasive	Plant	Atlas	of	New	England3)	are	also	designed	by	scientists	but	the	public	can	also	help	
with	 the	 methodology	 design	 and	 results	 dissemination.	 The	 co-created	 projects	 are	 a	 more	








2009).	 In	 these	projects,	 scientists	and	public	work	 together	 in	most	or	all	 the	 research	phases.	
Some	examples	are	Sherman’s	Creek	Conservation	Association4	and	Citizen	Sky5.		
An	extended	typology	(Shirk	et	al.,	2012)	includes	two	more	clusters,	called	models,	each	lying	at	
the	 far	 boundaries	 of	 the	 existing	 categories:	 the	 contractual	 and	 the	 collegial.	 The	contractual	
model	 allows	 the	 public	 to	 raise	 questions	 of	 concern,	 usually	 community-relevant,	 for	 the	








participatory	 sensing.	 The	 citizen	 science	 projects	 of	 the	 first	 category	 involve	 more	 ‘passive’	
participation	as	they	harness	the	CPU	power	of	the	public	when	their	computers	are	idle	but	still	
connected	to	the	Internet.	Distributed	thinking	projects	have	been	available	since	2005	and	their	
aim	 is	 to	utilize	 citizens’	 thinking	and	 their	active	engagement	 in	 scientific	 research.	One	of	 the	
first	 distributed	 computing	 projects,	 SETI@home6	 (Anderson,	 2004),	 was	 launched	 in	mid-1999	
and	 has	 been	 employing	 volunteers’	 CPU	 power	 to	 search	 for	 signatures	 in	 the	 Arecibo	 Radio	
Telescope	data	that	may	carry	the	indication	for	the	existence	of	extra-terrestrial	life.	Distributed	











proteins	 in	 puzzles	 in	 order	 to	 help	 deduce	 the	 3-D	 structure	 of	 protein	 molecules	 (Bonetta,	
2009).	 In	 the	 third	 category	 of	 participatory	 sensing,	 mobile	 phones	 are	 used	 to	 sense	 the	
environment	 through	 integrated	 sensors	 (e.g.	 GPS,	 camera,	 accelerometer,	 etc.),	 record	 the	
observations	 and	 report	 them	 for	 research	 purposes.	 For	 instance,	 the	 smartphone	 application	
‘WideNoisePlus’	(Becker	et	al.,	2013)	was	developed	within	the	EveryAware	project	(EveryAware	
Project,	 2012),	 which	 aims	 to	 help	 citizens	 to	 collect,	 share	 and	 understand	 their	 environment	
through	measuring	 air	 pollution	 and	 noise.	 Holliman	 and	 Curtis	 (2014)	 propose	 ‘citizen	 science	
games’	 as	 third	 category	 instead,	 developing	 a	 revised	 typology.	 In	 citizen	 science	 games	
participants	help	to	solve	a	scientific	research	problem	through	a	stylised	games	interface	(Cooper	
et	 al.,	 2010;	 Kawrykow	 et	 al.,	 2012).	 Curtis	 (2015)	 revised	 this	 typology	 by	 developing	 a	
classification	based	on	the	tasks	rather	than	the	projects.	‘Distributed	computing’	projects	exploit	
computing	processing	power,	 requiring	passive	participation	 from	 the	citizens;	 ‘distributed	data	
analysis’	 projects	 provide	 more	 active	 engagement	 with	 classification,	 annotation	 and	 other	




describing	 the	 citizen	 science	 projects.	 Afterwards,	 they	 used	 these	 facets	 to	 sort	 the	 projects	
accordingly	and	they	classified	the	projects	in	five	categories:	Action,	Conservation,	Investigation,	
Virtual	and	Education.	Action	projects	 follow	a	bottom-up	approach	with	 the	volunteers	getting	
involved	 in	 local	 concerns	 while	 collaborating	 with	 researchers.	 These	 projects	 are	 mainly	
supported	by	simple	websites	and	their	main	goal	is	finding	evidence	for	intervention.	An	example	
is	 Sherman’s	 Creek	 Conservation	 Association,	 which	 was	 formed	 to	 engage	 citizens	 in	 stream	
cleanup	events,	watershed	monitoring	and	other	community	outreach	programs	(e.g.	Wilderman,	





engaged	 in	 data	 collection	 activities.	 The	 aim	 in	 these	 projects	 is	 gathering	 data	 for	 resource	
management	decision-making	(e.g.	The	Northeast	Phenology	Monitoring9).	Investigation	projects	
are	of	 top-down	 structure	where	 the	 volunteers’	 role	 is	observation	and	 report.	 These	kinds	of	
project	 support	 ongoing	 learning,	 can	 be	 local	 or	 international,	 employ	 a	 wide	 variety	 of	
technologies	 and	 focus	 on	 scientific	 research	 goals	 requiring	 data	 collection	 (e.g.	 The	 Great	
Sunflower	 Project10).	 Virtual	 projects	 follow	 the	 top-down	 approach	where	 all	 project	 activities	
are	 ICT-mediated	 and	 the	 citizens	 provide	 an	 important	 service	 in	 data	 reduction	 by	
classifying/recognizing	images.	For	these	projects	advanced	technology	is	being	used	with	game-
like	tasks	 (e.g.	Galaxy	Zoo).	Education	projects	are	top-down	organized	with	designed	tasks	that	
provide	 learning	experiences	as	Education	 is	 the	main	purpose	of	 the	projects.	They	usually	are	
short-term	 projects	 which	 focus	 on	 a	 science	 field	 and	 include	 a	 research	 partner	 (e.g.	 Fossil	
Finders11).	
Haklay	 (2013)	 in	 later	work	developed	a	 typology	 that	 focuses	on	 the	 level	of	participation	and	
engagement,	consisting	of	four	levels.	‘Crowdsourcing’	is	the	basic	level	in	which	the	participation	
is	 limited	 and	 citizens	 provide	 resources	 either	 by	 using	 experiment	 sensors	 or	 donating	 their	
computer	power	for	the	analysis	of	large	volumes	of	data.	‘Distributed	intelligence’	in	the	second	




not	 participate	 in	 the	detailed	 analysis	 of	 the	 results	 as	 they	may	 lack	 the	 scientific	 knowledge	
required	 for	 inferring	 scientific	 conclusions.	 In	 the	 last	 level	 ‘extreme	 citizen	 science’	 problem	











matched	 based	 on	 their	 similarities	 in	 terms	 of	 activities,	 type	 of	 participation	 and	 goals.	 The	
results	are	shown	in	ranking	levels	based	on	the	level	of	participation	and	the	goals	of	every	PPRS	




be	 divided	 in	 two	 groups	 as	 the	 activities	 require	 either	 passive/active/collaborative	 data	
collection	 or/and	 analysis.	 The	members	 of	 the	 public	 may	 use	 several	 collection	 and	 analysis	
methods	and	serve	a	number	of	project	goals.	Therefore,	the	activities	may	involve	crowdsourcing	
exploiting	 passive	 distributed	 computing	 and	 participatory	 sensing	 (Level	 2a),	 or	 a	more	 active	
involvement	using	distributed	thinking/intelligence,	games	and	virtual	projects	 (Level	2b).	These	
activities	 aim	 to	 help	 investigations	 and	 conservation	 projects	 seeking	 for	 resources	 to	 explore	
scientific	research	goals	and	proceed	to	decision-making.		
In	 Level	3,	 collaborative	projects	are	 still	 initiated	by	 scientists,	but	members	of	 the	public	may	
refine	 the	 design	 and	 participate	 in	 research	 phases	 beyond	 data	 collection	 and	 analysis.	 By	
comparison,	 co-created	 projects	 in	 Level	 4	 involve	 members	 of	 the	 public	 in	 almost	 all	 the	
research	 phases.	 Furthermore,	 in	 participatory	 or	 action	 projects	 the	 research	 is	 initiated	 by	
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In	 Level	 4	members	 of	 the	 public	 get	 involved	 in	 independent	 or	 collaborative	 research,	 utilise	
results	 and	 take	 part	 in	 publications.	 In	 Level	 5,	 extreme	 citizen	 science,	 participation	 is	 in	






in	 the	 Table	 1	 as	 their	 design	 and	 tasks	 are	 educational-oriented	 and	 do	 not	 aim	 to	 produce	
30	
	
































“Citizen	 science	 is	 often	 employed	 as	 a	 form	 of	 education	 and	 outreach	 to	 promote	 public	
understanding	of	science.	The	current	form	of	citizen	science,	which	has	evolved	over	the	past	two	
decades,	places	more	emphasis	on	scientifically	sound	practices	and	measurable	goals	 for	public	
education.	 Technology	 is	 credited	 as	 one	 of	 the	 main	 drivers	 of	 the	 recent	 explosion	 of	 citizen	
science	activity.”	(Ballard	&	Huntsinger,	2006)	
Citizen	 science	 can	 be	 considered	 a	 powerful	 tool	 for	 public	 education	 as	 it	 contributes	 to	 the	
advancement	of	the	scientific	 literacy,	 informs	about	specific	sciences	and	the	scientific	method	
and	 it	 brings	 new	 voices	 to	 the	 scientific	 research	 (Duke	 &	 Tonkin,	 2012).	 What	 distinguishes	
citizen	 science	 as	 an	 informal	 learning	 experience	 is	 the	 engagement	of	 the	public	 in	 authentic	
science	and	fostering	of	ways	of	critical	thinking	for	decision	making,	similar	to	those	of	scientists	
(Jordan,	 Gray	 &	 Howe,	 2011;	 Jordan,	 Crall	 &	 Gray,	 2015).	 The	 term	 ‘engagement’,	 in	 informal	
science	education,	is	not	used	to	describe	the	involvement	of	audiences	in	learning	about	science,	
which	 shows	 a	 one-way	 transmission	 of	 knowledge	 from	 experts	 to	 publics,	 but	 the	 mutual	
learning	among	all	of	the	participants	(Bonney	et	al.,	2009).	The	National	Research	Council	(Bell	et	
al.,	2009)	examines	participation	in	science	learning	within	informal	settings	and	discusses	how	it	
provides	 space	 for	 all	 learners	 to	 engage	 with	 ideas	 and	 bring	 their	 prior	 knowledge	 and	
experience	 to	 bear.	 Moreover,	 it	 indicates	 that	 learners	 prosper	 in	 environments	 that	
32	
	
acknowledge	 their	 needs	 and	 experience,	 and	highlights	 the	 critical	 role	 of	mentors,	 peers	 and	
facilitators	in	supporting	informal	science	learning.		
Participants	 in	 PPSR	 projects	 enjoy	 a	 social	 community	 (Raddick	 et	 al.,	 2010)	 and	 are	 able	 to	
contact	professional	scientists,	participate	 in	real	science	and	experience	the	process	of	science.	
In	 addition,	 PPSR	projects	 increase	public	 awareness	 of	 environmental	 and	 scientific	 challenges	
and	 may	 improve	 decision	 making	 skills	 (Galloway	 et	 al.,	 2006;	 Alabri	 &	 Hunter,	 2010).	 They	
develop	 interest	 in	 something	 new	 or	 expand	 previously	 existing	 interests	 and	 connect	 their	
interests	 to	 science,	 proving	 that	 science	 can	 be	 fun	 (Bonney	 et	 al.,	 2009).	 Moreover,	 inquiry	
experiences	 can	 provide	 valuable	 opportunities	 for	 members	 of	 the	 public	 to	 improve	 their	
understanding	of	both	science	content	and	scientific	practices	(Edelson,	Gordin	&	Pea,	1999)	and	
citizen	science	makes	them	available.	
According	 to	 evidence-based	 research	 by	 Kloetzer	 et	 al.	 (2013),	 three	 levels	 of	 learning	 can	 be	
identified	 in	 PPSR	 projects.	 The	 first	 level	 is	 related	 to	 the	mechanics	 of	 the	 activities	 (activity	
learning)	the	second	focuses	on	the	project	and	the	science	behind	it	(on-topic	learning)	and	the	
third	 is	 associated	 with	 the	 learning	 within	 the	 community	 (community	 learning).	 Still,	 the	
organisation	 of	 citizen	 science	 projects	 shows	 that	 scientific	 goals	 in	 citizen	 science	 projects	
precede	 the	 learning	 goals.	 As	 a	 result,	 citizen	 science	 volunteering	 projects	 train	 participants	
towards	the	completion	of	the	project	targets,	rather	than	focusing	on	the	enhancement	of	their	
knowledge,	skills	and	understanding	of	the	topic.	For	instance,	Bonney	et	al.	(2015)	in	their	review	
of	data	collection	and	data	processing	PPSR	projects	 (Level	2	 in	Table	1),	although	they	 identify	
that	 scientific	 outcomes	 are	 well	 documented	 in	 PPSR	 projects,	 evaluate	 the	 gains	 of	 the	
participants	in	science	knowledge	and	processes	as	limited.		
2.2.4 Evaluation	frameworks	in	PPSR	projects	





projects,	 including	 contributory,	 collaborative	 and	 co-created	 projects	 to	 evaluate	 the	 learning	
outcomes	 of	 PPSR.	 The	 framework	 contains	 a	 set	 of	 categories	 for	measuring	 the	 outcomes	 of	
learning	 technologies	 used	 in	 informal	 science	 learning.	 The	 categories	 include	 awareness,	
knowledge	 or	 understanding,	 engagement	 or	 interest,	 attitude,	 skills	 and	 behaviour.	 The	
instruments	for	measuring	the	outcomes	used	for	the	analysis	of	the	projects	included	pre/post-
tests,	 self-report	 questionnaires,	 interviews,	 observations,	 surveys,	 documentation	 of	
participation	and	co-authored	publications.	The	 results	 showed	 that	 the	participants	 in	all	PPSR	
projects	increased	awareness,	knowledge	and	understanding	of	key	scientific	concepts.	Regarding	
the	 science	 process,	 understanding	 of	 participants	 in	 co-created	 and	 contributory	 projects	who	
were	engaged	in	the	project	design	and	data	interpretation,	or	most	importantly	the	full	research	
process,	 showed	 increased	 understanding	 of	 the	 scientific	 process.	 On	 the	 other	 hand,	
participants	in	contributory	projects	were	reported	to	have	increased	their	inquiry	skills	but	to	a	
lesser	 extent.	 This	 might	 show	 evidence	 that	 the	 more	 the	 involvement,	 the	 more	 science	
understanding	by	the	participants	increased.		
In	 the	 same	meta-analysis	 report,	 it	 is	 noted	 that	 although	 some	 projects	 document	 improved	
attitudes	 toward	 science,	 they	 do	 not	 use	 formal	 instruments	 to	measure	 the	 change.	 Results	
from	 other	 studies	 that	 assess	 the	 scientific	 literacy	 of	 citizen	 volunteers	 with	 the	 use	 of	
instruments,	demonstrate	a	 lack	of	statistically	significant	difference	between	the	pre/post-tests	
(e.g.	 Brossard,	 Lewenstein	&	Bonney,	 2005;	Cronje	et	 al.,	 2010;	 Jordan	et	 al.,	 2011;	Crall	 et	 al.,	
2012).	Explanations	about	the	outcomes	include	the	motivation	of	participants	to	study	and	learn	
about	 the	 topic	 rather	 than	 to	 learn	 about	 the	 scientific	 process.	 Moreover,	 mentioning	 the	
scientific	 methodology	 during	 the	 training	 event	 in	 Cronje	 et	 al.	 (2010)	 did	 not	 succeed	 in	
improving	the	results.		






presented	 with	 clarity,	 and	 both	 of	 them	 can	 be	 measured	 through	 some	 indicators	 (Phillips,	
Bonney	 &	 Shirk,	 2012).	 An	 evaluation	 framework	 has	 been	 proposed	 by	 Jordan	 et	 al.	 (2012)	
suggesting	a	3-scales	evaluation	framework	for	measuring	citizen	science	project	outcomes.	The	
project	 activities	 should	 reflect	 the	 learning	 or	 scientific	 priorities,	 explicitly	 stating	 the	 project	
goals.	 The	 evaluation	 measurements	 are	 developed	 around	 learning	 (e.g.	 science	 process	 and	
inquiry	 skills),	 programmatic	 (e.g.	 understanding	 of	 community	 issues)	 and	 community-level	
outcomes	(e.g.	social	capital).		
Similarly,	Bonney	et	al.	 (2009)	 in	order	 to	ensure	that	 the	objectives	of	a	citizen	science	project	
have	 been	met,	 introduce	 a	 more	 detailed	 framework	 with	 measures	 which	 could	 be	 used	 to	
evaluate	separately	the	scientific	and	educational	outcomes.	The	scientific	measures	comprise	of	
counting	 the	 number	 of	 publications,	 citations,	 graduate	 thesis	 and	 grants	 achieved	 by	 the	
project,	 the	 size	 and	 quality	 of	 the	 data	 collection,	 and	 the	 frequency	 of	 media	 exposure	 of	
results.	 The	 educational	 outcomes	 are	 suggested	 to	 be	 measured	 through	 the	 duration	 of	
participants’	engagement	with	the	project	and	the	number	of	their	visits	to	the	project	and	also	














Despite	 the	 focus	 of	 recent	 citizen	 science	 on	 ‘citizens	 as	 scientists’	 (Lakshminarayanan,	 2007;	
Conrad	&	Hilchey,	 2011),	 the	 role	of	 citizens	 in	many	projects	has	been	described	as	 “observer	
and	 recorder”	 rather	 than	 as	 “leader	 and	 originator”;	 this	 mode	 of	 involvement	 has	 been	
characterised	 as	 a	 cheap	 way	 to	 monitor	 and	 gather	 data	 (Alabri	 &	 Hunter,	 2010;	 Conrad	 &	
Hilchey,	2011)	and	being	an	instrument	of	the	scientist	(Stodden,	2010).	
	As	opposed	to	this,	some	studies	have	indicated	that	the	citizen	agenda	is	supported	by	the	use	
of	 online	 discussion	 forums	 for	 citizen-led	 investigations	 where	 the	 public	 proposes	 questions	






it	 is	 still	 vague	 how	 citizens	 gain	 knowledge	 of	 the	 scientific	 area	 and	 learn	 through	 their	
participation.	
2.2.6 Conclusion	
There	have	been	efforts	 to	use	citizen	science	projects	as	 tools	 for	 the	citizens	 to	gain	 informal	
science	 learning	 experiences	 and	 scientific	 literacy.	 It	 seems,	 however,	 that	 science	 learning	 in	
PPSR	 projects	 happens	 mainly	 as	 a	 side	 effect	 due	 to	 formalising	 training	 which	 aims	 to	 the	
successfully	 completion	 of	 the	 scientific	 goals,	 rather	 than	 educational	 design	 that	 intends	 to	




the	 contributions.	 Moreover,	 although	 it	 is	 suggested	 that	 citizen	 science	 projects	 involve	
participants	in	authentic	science,	they	usually	do	not	engage	them	in	all	the	research	phases.	As	a	
result,	citizens	are	placed	at	the	periphery	of	the	authentic	context,	where	they	are	usually	limited	





term	 inquiry	was	 first	used	by	Dewey	(1910)	to	 invoke	the	 idea	of	 teaching	science	 in	the	same	
way	 that	 scientists	 implement	 their	 research.	 Thus,	 learning	 science	 should	 include	 formulating	
and	 testing	 hypothesis	 by	 using	 problem	 solving	 skills	 (Dewey,	 1910;	 Schwab,	 1960).	 Dewey	









that	 science	 inquiry	 places	 learners	 in	 an	 environment	 that	 contributes	 to	 “asking	 questions,	
planning	 and	 conducting	 an	 investigation,	 using	 appropriate	 tools	 and	 techniques,	 thinking	
critically	 and	 logically	 about	 the	 relationships	 between	 evidence	 and	 explanations,	 constructing	





	“At	 the	 nexus	 of	 science	 education	 and	participatory	 democracy	 is	 a	 commitment	 to	 educating	
students	to	make	more	informed	choices,	think	critically,	and	believe	they	can	make	a	difference”.	
(Mueller	&	Tippins,	2012).	
Inquiry	 was	 set	 to	 play	 an	 important	 role	 in	 science	 education	 (American	 Association	 for	 the	
Advancement	of	Science,	1994)	and	the	effort	of	educating	students	to	use	scientific	knowledge	







has	been	recognised	 (Michaels,	Shouse	&	Schweingruber,	2008).	A	 further	point	 is	 the	need	 for	
personal	meaning	in	science.	Mueller	and	Tippins	(2012)	state	that	despite	all	the	efforts	carried	
out	 to	 reform	 science	 education,	 it	 still	 operates	 on	 the	 assumption	 that	 knowledge	 in	 every	
discipline	 is	 detached	 from	 the	 others	 and	 is	 presented	 as	 a	 body	 of	 isolated	 facts	 that	 have	
nothing	to	do	with	the	real	world.	
Based	on	results	from	the	Public	Attitudes	to	Science	report	(Ipsos	MORI,	2011)	one	third	of	the	
people	 who	 disengaged	 themselves	 from	 science	 say	 that	 school	 put	 them	 off	 science.	 These	
results	may	be	linked	to	the	idea	that	science	lessons	at	school	are	in	general	disconnected	from	
daily	 life	 (Diamond,	 2006).	 The	 personal	 commitment	 that	 rises	 from	 the	 learners’	 personal	
interest	 in	 something	 is	 an	 element	 that	 is	missing	 from	 classrooms	 (Chinn	&	Malhotra,	 2002).	









The	 Personal	 Inquiry	 project13	 shows	 how	 the	 orchestration	 of	 classroom	 learning	 can	 be	




Dynamic	representation	of	 the	 IBL	process	allows	 learners	 to	shape	the	process	of	 investigation	
and	understand	the	fit	of	the	component	activities	(Littleton	&	Kerawalla,	2012).	Thus,	a	challenge	
for	 PI	 was	 to	 produce	 a	 structure	 that	 will	 guide	 the	 inquiry	 process,	 support	 discussion	 and	
enable	 sharing	 of	 results	 (Sharples	 &	 Anastopoulou,	 2012).	 Drawing	 upon	 representations	
designed	 for	 structuring	 inquiry	 in	 the	 classroom	 (e.g.	 Shimoda,	White	&	 Frederiksen,	 2002),	 a	
generic	depiction	of	 the	personally	meaningful	 IBL	process	was	produced	 (Scanlon	et	al.,	2011).	
The	scientific	inquiry	is	shown	as	a	cycle	in	the	shape	of	octagon	and	involves	the	steps	‘find	my	
topic’,	 ‘decide	 my	 inquiry	 question’,	 ‘plan	 my	 methods’,	 ‘collect	 my	 evidence’,	 ‘analyse	 and	
represent	my	evidence’,	‘respond	to	my	question’,	‘share	and	discuss	my	inquiry’	and	‘reflect	on	









Learners	 typically	 start	 a	 science	 investigation	 in	 the	 classroom	 managed	 by	 a	 teacher,	 then	
continue	 it	 at	 home	 or	 outside,	 supported	 by	 nQuire,	 then	 share,	 discuss,	 and	 present	 their	
findings	back	in	the	classroom.	Findings	of	a	controlled	study	of	children’s	scientific	 inquiry	skills	




are	 (LET’S	 GO)14	 science	 learning	 project	 between	 Stanford	 and	 Linnaus	 Universities	 in	
partnership	 with	 Intel,	 Pasco,	 the	 National	 Geographic	 Society,	 the	 Science	 Created	 by	 You	
(SCY)15	European	FP7	funded	project	and	the	Web-based	Inquiry	Science	Environment	(WISE)16	
project.	 In	 these	 projects,	 learners	 were	 given	 scientific	 activities	 to	 carry	 out	 with	 the	 use	 of	
supportive,	 interactive	 technology	 inside	 and	 outside	 the	 classroom.	 Activities	 were	 guided	 by	











support	 in	 order	 to	 act	 as	 scientists,	 by	 carrying	 out	 appropriate	 investigations,	 collecting	 and	
examining	authentic	data,	and	presenting	their	results	in	a	systematic	manner	(de	Jong,	2014).	




citizens	 to	 conduct	 and	 report	 inquiry-led	 projects.	 However,	 the	 question	 is	 how	 can	 non-
scientists	 engage	 in	 this	 challenge	 of	 inquiry?	 As	 described	 in	 Section	 2.2,	 in	most	 of	 the	 PPSR	
projects	the	research	questions	and	methods	are	set	by	scientists,	and	citizens	contribute	to	one	
or	more	 inquiry	 phases	 such	 as	 the	 data	 collection	 and	 analysis.	 In	 this	way,	most	 of	 the	 time	
citizens	do	not	participate	 in	deciding	 the	 research	agenda	and	process.	Repositories	 for	 citizen	




entire	 investigation	 process	 (Sharples	 et	 al.,	 2013;	 Aristeidou,	 Scanlon	 &	 Sharples,	 2013).	








Important	 components	 of	 the	 orchestration	 of	 Citizen	 Inquiry	 are	 collaboration,	 knowledge	
sharing	 and	 peer	 review	 (citizen	 science)	 as	 well	 as	 experimentation,	 discovery,	 critique	 and	
reflection	 (IBL).	 Moreover,	 Citizen	 Inquiry	 offers	 an	 informal	 learning	 mechanism	 as	 it	 is	
developed	outside	the	curricula	of	formal	education	and	is	being	driven	by	the	personal	interest	
of	 citizens	 employing	 their	 everyday	 experience	 with	 science	 and	 its	 underpinning	 reasoning	
(Aristeidou	et	al.,	2013).	
Similar	 to	 IBL,	 it	 engages	 citizens	 with	 scientific	 activities	 such	 as	 collecting	 data,	 conducting	
experiments	 and	 reflecting	 on	 their	 work	 (Dewey,	 1933;	 White	 &	 Frederiksen,	 1998).	 By	
extension,	Citizen	Inquiry	involves	citizens	in	planning	and	implementing	their	own	inquiries	in	a	
self-directed	way,	 employing	 scientific	 tools	 and	 skills,	 sparked	 by	 their	 personal	 experience	 of	
everyday	science.	There	is	also	evidence	that	authentic	scientific	activities	and	material	ownership	
that	reflect	the	everyday	life	activities	may	even	engage	learners	with	unexciting	data	(Woodgate	





falls	 closer	 to	 Level	 5	 (Table	 1)	 and	 in	 particular	 in	 extreme	 citizen	 science	 as	 the	 participants	
conduct	 research	 and	 disseminate	 results	 in	 collaboration	with	 other	 citizens	 and	 credentialed	
scientists.	To	this	end,	the	participants	of	Citizen	Inquiry	projects	are	expected	to	be	active	during	
the	entire	project,	but	also	to	improve	their	understanding	of	science	and	develop	skills	used	by	





Table	 3	 shows	 the	 main	 components	 of	 the	 orchestration	 of	 Citizen	 Inquiry.	 Fusion	 between	
aspects	 of	 citizen	 science	 and	 IBL	 produce	 Citizen	 Inquiry	which	 in	 turn,	 as	 discussed,	 requires	
personal	meaning,	everyday	experience	and	autonomy	from	participants.	The	project	is	then	led	
















































An	online	community	 is	any	virtual	 social	 space	 that	has	a	purpose,	 is	 supported	by	 technology	
and	 is	guided	by	policies	 (e.g.	 registration	policies,	 language)	 (Preece,	2001).	Preece	 (2001)	also	
discusses	 that	 online	 communities	 differ	 from	 other	 software	 because	 of	 interactions	 among	
people.	 People	 in	 online	 (or	 virtual)	 communities	 come	 together	 in	 order	 to	 give	 or	 receive	
information	and	support,	learn,	and	find	company.	The	type	of	the	community	can	vary	according	
to	its	purpose.	Some	communities	are	created	to	support	practices	and	professional	discussions.	
These	 communities	 are	 referred	 to	 as	 Communities	 of	 Practice:	 “Communities	 of	 practice	 are	
groups	of	people	who	share	a	concern	or	a	passion	for	something	they	do	and	learn	how	to	do	it	
better	 as	 they	 interact	 regularly”	 (Wenger,	 1998).	 A	 different	 type	 of	 online	 community,	
‘Community	of	Interest’,	supports	interest	groups,	and	the	discussion	is	formed	around	the	topic	
of	interest	of	the	members	–	pets,	football,	books,	etc.	(Preece,	Nonnecke	&	Andrews,	2004).		
The	 communities	 formed	within	 this	 study,	 are	 online	 communities	 of	 Citizen	 Inquiry	 in	 which	
citizens	will	 engage	 in	 the	process	 of	 knowledge	 sharing	 and	 collaborative	 learning	while	 being	
involved	 in	scientific	 investigations.	Thus,	 the	scientific	 field	and	topics	provide	 the	domain	 that	
participants	 are	 interested	 in.	 The	 participants	 of	 any	 level	 of	 expertise	 engage	 in	 joint	
investigations	and	build	relationships	through	the	inquiry	and	the	discussion	while	interacting	and	
sharing	resources.		












A	 learning	 community	 may	 engage	 its	 members	 in	 critical	 discourse	 and	 reflection,	 so	 they	
collaboratively	 construct	 meaning	 and	 mutual	 understanding	 (Garrison,	 2007).	 Regarding	 the	
learning	taking	place	in	online/distant	communities,	Paloff	and	Pratt	(2010)	state	that	the	learners	
are	given	the	chance	to	extend	and	deepen	their	experience,	to	test	and	share	the	ideas	with	the	
group	 and	 receive	 constructive	 feedback.	 In	 this	 way,	 there	 is	 “the	 formation	 of	 a	 learning	
community	 through	which	 knowledge	 is	 imparted	 and	meaning	 is	 co-created”	 (Palloff	 &	 Pratt,	
2007,	p.	4).	The	emphasis	on	mutual	understanding	and	meaning	co-creation	echoes	the	needs	of	
a	 community	 for	 Citizen	 Inquiry	 which	 aims	 to	 engage	 the	 members	 in	 such	 activities	 as	 to	
promote	their	critical	thinking	and	reflection	on	the	received	information	in	a	collaborative	way.		
A	distinct	type	of	a	learning	community	similar	to	Citizen	Inquiry	is	‘Community	of	Inquiry’.	It	was	
developed	 through	 a	 framework	 in	 which	 “group[s]	 of	 individuals	 collaboratively	 engage	 in	
purposeful	 critical	 discourse	 and	 reflection	 to	 construct	 personal	 meaning	 and	 confirm	 mutual	
understanding”	 (Garrison,	2011,	p.	15).	This	 framework	consists	of	 three	elements	–	 ‘cognitive’,	
‘social’	 and	 ‘teaching’	 presence	 –	 and	 is	 based	 on	 experimental	 inquiry,	 following	 a	 cyclical	
process	 which	 starts	 with	 a	 question	 being	 explored	 to	 reach	 a	 solution.	 In	 this	 community	
teachers	and	learners	are	engaged	with	intellectual	issues,	thinking	critically	about	them,	aspects	
that	are	proposed	to	be	essential	 for	obtaining	high	order	 learning	 (Garrison	&	Arbaugh,	2007).	
Communities	of	Inquiry	serve	mainly	formal	education	where	the	teaching	presence	is	available.		
The	 iSpot18	 natural	 history	 project	 (Figure	 4)	 falls	 close	 to	 a	 Citizen	 Inquiry	 approach.	 It	 was	
developed	 by	 The	 Open	 University	 and	 it	 is	 a	 community	 for	 citizen	 engagement	 with	 wildlife	
observation.	The	aim	of	the	project	is	to	help	people	learn	to	identify	wildlife	by	bringing	experts	







of	 the	 users’	 understanding	 of	 nature.	 Beyond	 the	 identifications,	 a	 new	 feature	 on	 the	 iSpot	
platform	allows	citizens	to	explore	plants	and	animals	in	nature	by	starting	their	own	projects,	for	
instance	a	collection	of	observations	based	on	a	selected	location.	Although	citizens	may	decide	
the	 topic,	 the	 research	 methods	 supported	 by	 the	 platform	 are	 limited	 to	 observation	 and	
identification.	However,	 the	 iSpot	community	carries	many	aspects	at	 the	 intersection	of	citizen	




Citizen	 Inquiry	 can	 be	 a	 powerful	 tool	 to	 engage	 people	 with	 science	 through	 collaboration	 in	
scientific	practices.	Engagement	in	a	community	according	to	Polin	(2010)	leads	to	a	dual	process	
of	 meaning	 making.	 The	 members	 of	 the	 community	 participate	 in	 the	 social	 life	 of	 the	
community	while	 at	 the	 same	 time	 they	 produce	 artefacts,	 such	 as	words,	methods,	 resources	
which	 give	 reification	 to	 the	 community	 and	 mirror	 their	 shared	 experience	 in	 learning	 and	
knowledge	exchange.	This	collaborative	achievement,	along	with	the	spirit	 for	 its	continuity,	are	






Citizen	 Inquiry	 aims	 to	engage	 citizens	 in	online	communities	 supported	by	 inquiry	 tools	where	
they	could	conduct	personally	meaningful	collaborative	scientific	investigations.	Yet,	how	exactly	
citizens	 can	 adopt	 an	 inquiry	 process	 that	 follows	 good	 practices	 of	 science	 learning	 remains	
unclear.	Furthermore,	it	is	still	uncertain	whether	this	investigation	of	ownership	in	Citizen	Inquiry	
can	engage	citizens	and	form	sustainable	communities.	The	 findings	of	 the	 first	design	study	on	
understanding	 and	 engagement	 of	 citizens	 in	 online	 Citizen	 Inquiry	 (Chapter	 4)	 suggested	 that	
there	 is	 a	 need	 to	 improve	 the	 sense	 of	 community	 within	 the	 members	 and	 maintain	 the	
engagement	 levels.	 Consequently,	 further	 research	 is	 needed	 on	 the	 creation,	 evolution	 and	
sustainability	of	online	communities,	including	social	networks.	
2.5 Lifecycle	of	an	Online	Community		
Examining	 the	 lifecycle	 of	 a	 community,	 by	 observing	 the	 activities	 and	 the	 growth,	 helps	 in	
monitoring	the	community	and	adjusting	the	approaches	used	within	it	in	order	to	keep	it	active.	
In	 each	 stage	 the	members	 have	 different	 needs	 and	 it	 is	 necessary	 to	 employ	 different	 tools,	
technologies	 or	management	 activities;	 it	 is	 believed	 that	 this	 approach	 leads	 to	 success	more	
efficiently	 (Iriberri	 &	 Leroy,	 2009).	 The	 lifecycle	 consists	 of	 the	 following	 stages:	 potential,	
coalescing,	maturing,	stewardship	and	transformation	(Wenger,	McDermott	&	Snyder,	2002).	It	is	
not	 linear,	as	 the	process	can	be	 iterative	and	adaptable	 to	 the	needs	of	 the	members	and	 the	
purpose	of	 the	community	 (Young,	2013).	The	stages	of	 the	 lifecycle	are	also	encountered	with	
different	names,	 such	as	 inception,	creation,	growth,	maturity,	death	 (Iriberri	&	Leroy,	2009)	or	
with	fewer	stages,	such	as	pre-birth,	early	life,	maturity,	death	(Preece,	2000).	In	this	survey,	the	





At	 this	 first	 stage,	 the	 community	 is	 not	 quite	 a	 community	 yet,	 rather	 an	 idea.	 The	 idea	 of	
creating	 a	 community	 can	 either	 emerge	 because	 of	 a	 loose	 network	 of	 people	 who	 interact	
occasionally	around	a	topic	or	because	of	an	organisation	or	a	person	who	wants,	for	example,	to	
manage	a	needed	capability.	These	 two	 types	of	 community	of	practice	are	called	 spontaneous	
and	 intentional,	 respectively,	 based	 on	 the	 way	 they	 are	 formed	 (Wenger	 et	 al.,	 2002).	 In	
intentional	communities	such	as	the	Citizen	Inquiry	one,	the	key	is	to	find	an	attractive	topic	that	
people	 are	 enthusiastic	 about	 and	 willing	 to	 share	 their	 opinion	 and	 their	 views	 (McWilliam,	
2012).	Once	the	vision	of	the	new	community	is	clear,	the	required	technological	components	are	
selected	 and	 integrated,	 based	 on	 the	 needs	 of	 the	 initial	 and	 potential	 members	 of	 the	
community	(Iriberri	&	Leroy,	2009).	The	first	people	who	are	interested	in	organising	it	are	usually	
the	 people	who	 take	 the	 lead	 to	 form	 the	 core-group	 of	 the	 community	 and	 spread	 the	word	
(Malhotra,	Gosain	&	Hars,	1997;	Iriberri	&	Leroy,	2009).	
Research	 has	 shown	 that	 the	 most	 important	 reason	 that	 people	 do	 not	 join	 a	 community	 is	
because	 they	 have	 never	 heard	 of	 it	 (Jamali	 et	 al.,2014).	 Therefore,	 the	 next	 step	 is	 to	 invite	
people	 to	become	members	of	 the	 community.	Resnick	and	Konstan	 (2012)	demonstrate	 some	
useful	 steps	one	can	 take	 to	bring	a	number	of	participants	 into	 the	community.	The	 two	main	




Even	 though	 word-of-mouth	 recruiting	 (passing	 information	 from	 person	 to	 person)	 is	 more	
powerful	 than	 impersonal	 advertising	 (Sultan,	 Farley	&	 Lehmann,	 1990),	 impersonal	 also	works	
(Assmus,	 Farley	&	 Lehmann,	 1984)	 and	 is	 good	 for	 increasing	 the	 number	 of	 people	who	 have	





2012)	 will	 increase	 their	 willingness	 to	 join	 the	 community.	 Resnick	 and	 Konstan	 (2012)	 also	
propose	the	exploitation	of	the	‘early	adopter’	benefit	to	attract	early	members.	This	title	includes	
the	 privileges	 of	 an	 early-bird	 joining	 the	 community	 such	 as,	 skills,	 status,	 reputation	 and	
privileges	after	the	community	becomes	sustainable	and	therefore	the	newcomers	will	treat	them	
with	 extra	 respect.	 Furthermore,	 endorsements	 from	 celebrities,	 related	 to	 the	 domain	 or	 not,	
can	help	to	promote	the	community.		
The	 explosion	of	 internet	 use	 and	 social	 networks	 has	made	word-of-mouth	 a	 timely	matter	 in	
research	(Cox	&	Repede,	2013).	Word-of-mouth	recruitment	can	take	place	directly	or	indirectly.	
The	 moderator	 and	 the	 first	 members	 may	 recruit	 new	 members	 from	 their	 social	 networks	




feature	which	 the	members	will	 be	able	 to	use	 simply	and	 fast	 for	exporting	 their	 content,	 the	
visibility	 of	 the	 community	 among	 the	 social	 network	 of	 the	 members	 will	 increase.	 Social	
networking	 campaigns	 have	 also	 been	 done	 by	 citizen	 science	 projects	 (e.g.	 Creek	Watch)	 and	











a	 clear	 identity	 will	 more	 easily	 attract	 new	 members	 (Andrews,	 2002;	 Leimeister,	 Ebner	 &	
Krcmar,	2005).	
The	 value	 of	 the	 community	 follows	 from	 the	 endeavour	 to	 discover	 the	 potential	 of	 the	
community	 and	 its	 contribution	 to	 joint	 problem	 solving	 (Iriberri	 &	 Leroy,	 2009),	 which	 in	 this	
study	 are	 the	 topics	 of	 investigation.	 This	 stage	 is	 really	 important	 as	 the	 initial	 energy	 and	
interest	can	fall	off	with	the	members	becoming	impatient	at	not	finding	an	immediate	value	and	
the	creator[s]	being	unable	 to	 spark	 their	 interest	 (Iriberri	&	Leroy,	2009;	Wenger	et	al.,	 2002).	
During	 this	 stage,	 however,	 the	 community	 begins	 to	 take	 shape;	 a	 rhythm	 is	 found	 and	







of	practice	 is	 the	 ‘core	group’,	which	plays	a	vital	 role	 in	 the	success	of	 the	community,	and	all	
new	members	are	potential	members	of	this	group	(Young,	2013).	Usually	though,	the	core	group	
consists	of	members	who	are	experts	on	 the	domain	and	highly	 knowledgeable	 (Wenger	et	al.,	
2002).	Some	of	their	activities	are	to	 invite	people,	welcome	the	newcomers,	connect	people	 in	
the	community,	encourage	 lurkers	 (people	who	do	not	post)	 to	 join	 the	discussion,	and	suggest	




group’	and	 the	peripheral	members	who	seldom	participate	 in	 the	social	 interactions	and	 focus	





In	 addition	 to	 the	 identity	 of	 the	 community,	Wenger	 (2001)	 argues	 for	 the	 importance	 of	 the	
individual	 identity	 in	 a	 social	 learning	 system.	 A	member	 of	 a	 community	 can	 express	 identity	
consciously	 or	 unconsciously	 (Kaplan	 &	 Haenlein,	 2010)	 and	 this	 includes	 either	 personal	
information,	 such	as	name,	age,	gender,	profession,	 location,	or	 feelings,	 likes	and	dislikes.	This	
concept	of	expressing	the	individual	personality	in	the	community	is	called	social	presence	and	is	
“the	ability	of	learners	to	project	themselves	socially	and	emotionally,	thereby	being	perceived	as	
‘real	 people’	 in	mediated	 communication”	 (Garrison	&	Arbaugh,	 2007,	 p.	 159).	 Social	 presence	
leads	 to	 increased	 interaction	and	engagement	 (Beuchot	&	Bullen,	2005).	 For	 the	promotion	of	
self-disclosure	it	is	advised	to	provide	the	members	with	user	profile	pages	which	they	will	be	able	





At	 this	 stage,	 the	 value	 of	 the	 community	 is	 already	 established	 and	 the	 next	 step	 is	 the	
development	of	a	more	focused	communal	self-conscious	identity	(Wenger	et	al.,	2002).	Thus,	the	
members	 have	 useful	 things	 to	 share,	 stronger	 relationships,	 common	 vocabulary,	 roles	 and	 a	
shared	communal	culture	that	makes	the	community	survive.	The	shared	practice	in	the	mature	
community	 requires	 thorough	 discussions	 and	 commitment	 as	 the	 activities	 become	 more	
focused	 and	 all	 the	members	 should	 be	 included.	 At	 this	 point,	 the	 creators	 of	 the	 community	
have	to	make	sure	that	they	provide	any	additional	resources	needed	(Wenger	et	al.,	2002)	and	





Kraut	 and	 Resnick	 (2011)	 in	 their	 research	 identify	 factors	 that	 support	 and	 reinforce	 the	
participation	and	contribution	of	 the	members	 to	the	community.	These	 factors	mainly	concern	
notifying	 the	members	 about	 new	 activities	 and	 the	 need	 to	 contribute,	 encouraging	 them	 to	
contribute,	 setting	 goals,	 providing	 feedback,	 creating	 groups,	 promoting	 existing	 contributions	
and	publishing	participation	levels.	First,	the	members	will	only	be	able	to	contribute	if	they	are	
aware	of	the	needs	and	the	content	of	the	community;	a	suggestion	on	that	is	to	publicize	a	list	of	
activities	 the	members	 could	 join	 along	with	 a	 description	of	 the	work	 to	 inform	 the	members	
about	its	content,	what	is	required	to	do,	and	stress	the	benefits	of	contributing.	A	more	targeted	
way	 to	 ask	members	 to	 contribute	 to	 the	 activities,	 is	 to	 invoke	 their	 uniqueness	 in	 the	 group	
(Ling,	Beenen,	&	Ludford,	2005)	or	notify	just	those	people	who	have	a	particular	interest	in	the	
specific	 task.	 The	 adoption	 of	 goals	 should	 be	 a	 strong	motivator	 for	 the	members	 to	 join	 and	
contribute	 to	 the	 activity,	 especially	 if	 they	 are	 challenging	 and	 specific.	 Preferably,	 the	 goals	
should	have	a	deadline,	either	 in	terms	of	time	(e.g.	within	a	week)	or	 in	terms	of	contributions	
(e.g.	 first	 ten	 responses).	Undoubtedly,	 frequent	 feedback	 to	 the	 contributors	 in	 respect	 of	 the	
goals,	 enhances	 their	 self-efficacy	 and	 their	 engagement	 in	 the	 activity	 and	 its	 goals	 (Locke	 &	
Latham,	 2002).	 To	 this	 end,	 performance	 feedback,	 which	 builds	 a	 game-like	 comparative	






A	 technique	 which	 can	 be	 exploited	 in	 order	 to	 persuade	 the	 members	 of	 a	 community	 to	
increase	 their	 participation	 and	 contribution,	 or	 even	 to	 initially	 join	 the	 community,	 is	 social	
proof.	People	believe	that	an	action	or	belief	is	valuable	when	they	are	led	to	believe	that	other	






levels	 and	 display	 the	 prominent	 user-contributed	 content	 which	 conveys	 activity	 within	 the	
community	(Resnick	&	Konstan,	2012).	The	quality	of	the	contribution	is	also	really	important	as	
people	will	 be	more	willing	 to	 keep	 contributing	when	 they	 feel	 that	 the	other	members	make	
equally	 valuable	 endeavour.	 Beyond	 the	 quality,	 another	 factor	 that	 can	 keep	 the	 members	
motivated	 to	 the	 community	 is	 the	 interaction	 with	 other	 people	 (Kubey	 &	 Csikszentmihalyi,	
2013).	Therefore,	combining	the	contribution	with	social	contact	with	the	other	members	of	the	
community	 will	 lead	 them	 to	 contribute	 more.	 Although	 social	 contact	 is	 essential	 for	 the	
members	 to	participate	 in	 the	activities	of	 the	community,	 it	 is	discussed	 that	people	are	more	
willing	 to	 contribute	 in	 a	 smaller	 group	 (Kraut	 &	 Resnick,	 2011).	 Finally,	 a	 suggestion	 for	
addressing	 this	 issue,	 which	 is	 in	 line	 with	 creating	 investigations	 within	 the	 Citizen	 Inquiry	
community,	proposes	the	creation	of	groups	within	the	community	(Kim,	2000).		
2.5.4 Stewardship	
In	 this	 stage,	 the	 community	 has	 established	 its	 identity.	 Yet,	 it	 continues	 to	 change	 after	 the	
maturity	stage	according	to	the	environment,	including	activities,	relationships	and	groups,	while	
welcoming	 and	 accommodating	 successive	 generations	 of	members	 (Wenger	 et	 al.,	 2002).	 The	







and	 that	 principle	 is	 called	 participation	 inequality	 (Ciffolilli,	 2003;	 Nielsen,	 2006;	 Brake,	 2014).	
This	principle	can	also	be	encountered	as	the	law	of	the	few	(Gladwell,	2000)	or	heterogeneity	of	
the	population	 (Oliver,	Marwell	&	Teixeira,	1985)	and	 the	percentages	 range	 from	80%	 inactive	
and	 20%	 contributors	 to	 95%-5%.	 This	 phenomenon	 has	 also	 been	 observed	 in	 PPSR	 projects	
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(Curtis,	 2015).	 Activating	 the	 majority	 of	 the	 members	 and	 trying	 to	 get	 them	 to	 be	 active	
contributors	 instead	 of	 lurkers	 is	 significant	 in	 this	 stage,	 for	 achieving	 the	 critical	 mass	 of	
members	 and	member-generated	 content	 in	 the	 community.	 The	 critical	mass	 is	 considered	 as	
the	threshold	that	has	to	be	achieved	for	reaching	the	collective	action	(Oliver	et	al.,	1985)	and	
the	 self-sustained	 community	 for	 further	 growth	 (Westland,	 2010).	 Reasons	 for	 lurking	 include	
personal	 preference,	 environmental	 influence,	 individual-group	 relationship	 and	 security	
consideration	(Sun,	Rau	&	Ma,	2014).	
In	 response	 to	 lurking,	 the	 commitment	 to	 the	 community	 is	 one	 of	 the	 most	 important	
motivations	 that	 keeps	 the	 community	 going	 (Bateman,	 Gray	 &	 Butler,	 2010).	 The	 three-
component	model	of	commitment	(Meyer	&	Allen,	1991)	was	developed	to	reflect	the	different	
psychological	 stages	 that	 support	 and	 attach	 the	 members	 to	 communities.	 According	 to	 this	
model,	 the	members	 have	 one	 or	more	 reasons	 to	 stay	 in	 the	 community:	 they	want	 to,	 they	
ought	to,	they	need	to.	These,	correspond	to	the	psychological	states	of	affective,	normative	and	
continuance	commitment.		
The	 affective	 commitment	 is	 divided	 into	 the	 identity-based,	 the	 member	 is	 a	 part	 of	 the	
community,	and	bond-based	commitment,	the	member	is	close	to	the	other	members.	In	the	first	
case	 where	 the	 members	 are	 attached	 to	 the	 community,	 they	 are	 stable	 in	 the	 face	 of	
membership	 turnover	 (Abrams,	 Ando	 &	 Hinkle,	 1998)	 and	 compliant	 with	 community	 norms	
(Postmes	 &	 Spears,	 2002;	 Sassenberg,	 2002).	 Some	 advice	 for	 fostering	 the	 identity-based	
commitment	to	the	community	(Ren	&	Kraut,	2012)	is	the	demonstration	of	a	name	or	a	tagline	
which	expresses	 the	 interest	of	 the	 community.	 In	 addition	 to	 the	above,	 some	other	 steps	 for	
improving	the	 identity-based	commitment	are	the	promotion	of	a	common	fate	 in	which	all	 the	
community	members	will	benefit	from	a	reward	(Worchel	&	Rothgerber,	1998;	Michinov,	2004),	
the	 clustering	 of	 similar	 members	 into	 homogeneous	 groups	 to	 avoid	 conflicts	 and	 turnover	
(Cothrel	&	Williams,	 1999),	 and	 the	members’	 anonymity	 (Postmes	&	 Spears,	 2005).	 The	 latter	
one	 may	 also	 encourage	 a	 greater	 level	 of	 self-disclosure	 than	 in	 the	 real	 world	 (McKenna	 &	
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Bargh,	 2000;	Newman	et	 al.,	 2002;	 Emanuel	 et	 al.,	 2014)	 and	 form	 closer	 social	 bonds	 (Ellison,	
Steinfield	&	Lampe,	2007),	increasing	the	bond-based	commitment	as	well.		
Moreover,	 in	 relation	 to	 the	 bond-based	 commitment,	 the	 creation	 of	 groups	 (Ginsburg	 &	
Weisband,	2004;	Zaccaro	&	Dobbins,	1989)	and	especially	named	groups	(Ling	et	al.,	2005;	Kittur	
&	Kraut,	 2008)	with	 named	members	 (Ren	&	Kraut,	 2012)	within	 the	 community	 enhances	 the	
commitment	to	the	whole	community.	The	formation	of	subgroups	and	their	control	by	subgroup	
management	is	also	important	as	it	reduces	the	information	overload	(Andrews,	2002;	Maloney-
Krichmar	&	 Preece,	 2005;	 Iriberri	&	 Leroy,	 2009).	On	 the	 other	 hand,	bond-based	 commitment	
can	be	reinforced	when	the	members	feel	close	to	the	other	members.	In	order	to	succeed	in	this,	
the	creator[s]	 can	 recruit	existing	 social	 ties,	people	who	are	already	 friends	with	 the	members	
(Ren	&	Kraut,	2012),	or	exploit	the	feature	‘friends	of	friends’	as	people	like	or	are	more	trusting	
of	people	with	whom	they	have	shared	acquaintances	(Yuki	et	al.,	2005).	The	members	should	use	





communication	 is	 preferred	 for	 enhancing	 the	 interpersonal	 interaction	 as	 research	 shows	 that	





why	 they	 had	 first	 joined	 the	 community.	 Beyond	 the	 self-normative	 commitment,	 a	
demonstration	of	others	 that	 feel	 an	obligation	 to	 the	 communities	 along	with	what	 they	have	
received	 by	 now,	 empowers	 that	 feeling	 to	 the	 rest	 of	 the	members	 too	 (Ren	&	 Kraut,	 2012).	
Moreover,	 reciprocity,	 direct	 or	 indirect,	 activates	 the	 sense	 of	 obligation	 in	 the	 community	
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consideration	 the	 profile	 of	 members’	 motivations	 in	 order	 to	 provide	 the	 appropriate	
experiences.	 This	 could	 be	 done	 by	 releasing	 survey	 instruments	 to	 assess	 motivations	 for	
participating	 in	 an	 online	 community	 (Ghosh,	 2005;	 Nov,	 2007).	 Assessing	 motivation	 for	
participating	in	online	communities	will	be	discussed	in-depth	in	Section	2.6.1.	
Research	 that	 studies	 the	 impact	 of	 community	 commitment	 on	 participation	 in	 online	
communities	 suggests	 that	 each	 form	 of	 community	 commitment	 is	 associated	 with	 different	
online	behaviour	by	the	members	and	has	unique	explanatory	power	(Bateman	et	al.,	2010).	For	







the	 community	may	have	 finished.	 In	 those	 cases	 the	natural	 evolution	of	 the	 community	 is	 to	
leave	a	legacy	behind.	Some	other	times	it	loses	the	will	to	sustain.	Research	indicates	that	many	




Despite	 the	 inevitable	 turnover,	 the	 community	 should	 recruit	 successive	 generations	 of	 new	
members	to	survive	(Kraut	et	al.,	2012).	Kraut	et	al.	(2012)	suggest	that	the	central	challenge	for	
the	 community	 is	 to	 keep	 the	 newcomers	 around;	 the	 old	 members	 could	 have	 welcoming	
responsibilities	 (e.g.	with	personalised	messages)	and	 they	should	encourage	 the	newcomers	 to	
reveal	themselves,	either	with	a	profile	or	 in	a	discussion	thread,	and	finally	they	could	become	
their	mentors	in	how	to	behave	and	contribute.	Moreover,	a	‘reader-to-leader’	funnel	(Preece	&	




expectations	and	reducing	 the	potential	of	community	 turnover.	 If	 the	number	of	memberships	
and	 content	 is	 big,	 then	 emphasising	 this	 number	motivates	more	 people	 to	 join	 as	 it	 shows	 a	
higher	probability	that	the	community	 is	reaching	 its	critical	mass.	When	the	community	 is	slow	
and	 slow	 growing,	 then	 it	 is	 better	 to	 acknowledge	 individually	 each	 new	 member	 and	
contribution	 instead	of	 showing	numbers.	 In	 the	 case	 that	 the	 community	 is	 small	 but	 growing	
fast,	 then	 displaying	 percentage	 growth	 is	 the	 best	 trajectory.	 Finally,	 if	 the	 community	 has	
already	reached	its	critical	mass,	which	is	more	likely	in	this	stage	of	its	life-cycle,	then	screening	
the	absolute	numbers	is	the	best	signal	for	the	success	of	the	community.		
Although	 there	 are	 suggestions	 available	 in	 every	 stage	 of	 the	 life-cycle	 for	 sustaining	 the	
community,	 the	communities	never	“run	themselves”,	even	 if	 the	 fundamental	design	has	been	
set	 in	 motion	 from	 the	 early	 first	 stage	 of	 its	 development;	 community	 leaders	 interviewed	
(Stuckey	&	Smith,	2004)	argue	that	a	community	is	never	completely	“built”	and	research	shows	







evaluate	 the	 influencing	 factors	 (Fiedler	 &	 Sarstedt,	 2014).	 Furthermore,	 open	 online	
communities	 are	 of	 particular	 interest	 as	 they	 share	 several	 features	 with	 PPSR	 communities	
(open	data,	peer	production	and	open	participation)	(Robson,	2012;	Wiggins	&	Crowston,	2012).	
The	 next	 section	 aims	 to	 gain	 insight	 into	 the	motivation,	 level	 and	 type	 of	 engagement	 from	
empirical	studies	in	online	communities	of	any	type	(open,	PPSR,	Social	Network).		
2.6 User	Motivation	and	Engagement	
Studies	 of	 user	 engagement	 emphasize	 the	 behaviour	 of	 volunteers	 who	 invest	 personal	
resources	 such	 as	 cognitive	 power,	 physical	 energy	 and	 time,	 in	 order	 to	 help	 someone	 do	
something	 (O’Brien	 &	 Toms,	 2008;	 Lehmann	 et	 al.,	 2012).	 User	 engagement	 has	 also	 been	
considered	as	a	fundamental	challenge	of	crowdsourcing	projects	(Doan,	Ramakrishnan	&	Halevy,	
2011).	According	to	Howe	(2006),	in	crowdsourcing	applications	(a)	users	are	producers,	not	only	
consumers,	 (b)	 the	 number	 of	 participants	 is	 undefined	 and	 may	 range	 from	 one	 to	 several	
thousands	 and	 (c)	 users	 contribute	 towards	 a	 specific	 task,	 ‘an	 open	 call’,	 rather	 than	
spontaneously.	 Studies	 of	 user	 engagement	 in	 crowdsourcing	 projects	 indicate	 that	 engaging	
people	in	somebody	else’s	problem	through	the	internet	is	a	challenge	(Brabham,	2008).		
A	 recent	 systematic	 review	 of	 methods	 for	 researching	 engagement	 in	 online	 communities	 by	
Malinen	(2015)	shows	that	behavioural	patterns	and	user	type	identification	have	been	analysed	
through	 activity	 logs;	 experience,	motivations,	 values,	 needs	 and	 user	 roles	 through	 qualitative	
techniques;	and	change	in	user	behaviour	over	time	through	observation	and	field	research.	The	
review	 included	a	 total	of	83	 journal	 and	conference	articles,	published	 in	 the	years	2002-2014	






Research	on	Human	Computer	 Interaction	and	principles	 stresses	 the	 importance	of	 the	design	
elements	 for	 attracting	 and	 engaging	 users	 in	 PPSR	 projects	 (Kim	 et	 al.,	 2011;	Wald,	 Longo	 &	
Dobell,	2015)	and	other	online	communities	(Burke,	Marlow	&	Lento,	2009;	Ren	&	Kraut,	2013).	
An	 in-depth	 study	 by	 Ren	 and	 Kraut	 (2013)	 on	 managing	 online	 conversations	 argues	 that	
communities	are	often	less	successful	than	they	could	be	as	many	design	decisions	are	driven	by	
intuition,	 and	 trial	 and	 error	 instead	 of	 being	 based	 on	 the	 systematic	 understanding	 of	 users’	
motivation	and	contribution.	For	 instance,	results	of	this	research	regarding	motivations	suggest	
that	 personalised	moderation	 increases	members’	 commitment	 and	 contribution	 as	 users	 view	
different	messages	matched	to	their	personal	interests.	
An	 example	 of	 an	 open	 community	 is	 Wikipedia,	 a	 wiki-based	 system	 that	 allows	 users	 to	
contribute	to	online	articles.	Regarding	the	motivation	of	Wikipedia	members,	Nov	(2007)	found	
that	the	top	reasons	for	contributing	to	Wikipedia	were	“ideology”	and	“fun”	and	the	latter	was	
correlated	 positively	 to	 the	 number	 of	 contributions.	 For	 open-source	 software	 communities,	





Tsang,	 2002).	 They	 investigated	 the	 initial	 and	 on-going	 motivational	 factors	 affecting	 both	
scientists’	 and	volunteers’	 commitment	 to	 citizen	 science	projects.	Results	 reveal	 ‘egoism’	 (gain	
scientific	 knowledge,	 leisure,	 etc.)	 as	 the	main	 factor	 for	 80	 volunteers	 to	 get	 involved	 with	 a	
project.	Factors	 influencing	their	on-going	commitment	were	 initially	 ‘being	recognised	for	 their	
contribution’	 and	 later	 on	 altruism.	 The	 egoism	 factor	 however	 is	 in	 contradiction	 to	 previous	
(Anderson,	 2004;	Holohan	&	Garg,	 2005)	 and	 later	 research	 (Raddick	 et	 al.,	 2013;	 Curtis,	 2015)	






The	 62	 scientists	 in	 the	 Rotman	 et	 al.	 (2012)	 study	 were	 initially	 involved	 for	more	 egotistical	
reasons,	such	as	collecting	data	and	in	extension	furthering	their	research	career.	Thereafter,	they	
indicated	altruism	(providing	public	science,	etc.)	as	the	second	most	important	factor.	This	result	
agrees	with	Curtis	 (2015)	who	 indicated	 that	 ‘data	collection’	and	 ‘help	with	scientific	 research’	












(2015)	 as	 a	 way	 to	 satisfy	 diverse	 motives	 and	 sustain	 the	 interest	 in	 the	 community.	
Furthermore,	 it	 is	 suggested	 that	 finding	ways	 for	members	 to	 interact,	 such	as	 comments	 and	







In	 some	 cases	 engagement	 techniques	 fail	 and	 some	 users	 may	 leave	 the	 community.	 One	
disengagement	reason	which	was	encountered	in	both	Old	Weather21	(Eveleigh	et	al.,	2014)	and	





Finally,	 the	 level	 of	motivation	was	 found	 to	 play	 a	 significant	 role	 in	 sustaining	 PPSR	 projects,	
with	the	less	motivated	users	leaving	the	communities	(Eveleigh	et	al.,	2014).	However,	as	Nov	et	
al.	 (2011)	 assess,	 enhancing	 participation	 frequency	 may	 not	 enhance	 contribution	 quality	
necessitating	further	research	on	the	effects	of	motivation	and	the	types	of	engagement.	
2.6.2 Behaviour	and	types	of	engagement	
Research	 on	 participants’	 behaviour	 in	 Old	 Weather,	 clusters	 the	 users	 into	 two	 types:	 ‘high	
contributors’	and	 low	contributors,	or	 ‘dabblers’	 (Eveleigh	et	al.,	2014).	The	 first	group	 includes	
the	small	proportion	of	participants	who	are	socially	engaged	and	competitive.	The	second	group	




Research	 on	 YouTube	 consumption	 has	 indicated	 users	 to	 be	 mostly	 passive,	 with	 a	 small	
proportion	participating	actively	and	an	even	smaller	proportion	interacting	with	others	(Shoham,	
2013).	 The	 consumers	 are	 categorised	 in	 three	 types:	 ‘active’,	 ‘interactive’	 and	 ‘passive’.	 Active	
consumers	 comment	 on	 the	 videos	 without	 interacting	 with	 others	 in	 contrast	 to	 interactive	







does	not	 include	 information	about	the	producing	users.	 In	contrast,	users	 in	Wikipedia	assume	
different	 roles	 in	 the	system,	according	 to	 the	activity	 they	perform,	engaging	 in	different	ways	
and	collaboration	patterns	with	the	system	and	contributing	in	differing	ways	to	data	quality	(Liu	
&	Ram,	2011).		
Open	 educational	 resources	 and	 courses	 have	 also	 raised	 the	 need	 for	 exploring	 patterns	 of	
learners’	engagement	and	disengagement	in	learning	communities.	Research	into	the	motivation	
of	 informal	 learners	 on	 The	 Open	 University	 OpenLearn	 platform	 categorises	 the	 users	 into	
‘volunteer	students’,	‘social	learners’	and	‘casual	users’	(Godwin	&	McAndrew,	2008),	where	the	




and	 Milky	 Way	 Project)	 clusters	 the	 participants	 based	 on	 participation	 metrics	 such	 as	 daily	
devoted	time,	relative	activity	duration,	and	variation	in	periodicity	ratios	(Ponciano	&	Brasileiro,	
2015).	The	resulting	engagement	profiles	are	‘hardworking’,	‘spasmodic’,	‘persistent’,	‘lasting’	and	
‘moderate’.	 Although	 this	 study	 provides	 insight	 into	 measuring	 the	 level	 of	 engagement	 and	




of	 overall	 contribution.	 iSpot	 has	 over	 31,000	 registered	 users	 who	 have	 added	 more	 than	
200,000	 observations	 with	 over	 340,000	 images,	 identifying	more	 than	 6,900	 different	 species	
and	 has	 also	 contributed	 to	 the	 identification	 of	 two	 species	 previously	 unrecorded	 in	 the	 UK	
(Scanlon,	Woods,	&	Clow,	2014).		
User	motivation	has	been	 studied	 in	 the	 context	of	 the	 life-spans	of	 communities.	 The	 findings	




2005).	 In	 contrast,	 a	 study	 on	 Everything	 2	 (Velasquez	 et	 al.,	 2014),	 a	 user-generated	
encyclopaedia	 similar	 to	Wikipedia,	 shows	 that	 users	 become	 ‘latent’	 over	 time	 and	 contribute	
and	 communicate	 with	 others	 less.	 The	 participants,	 however,	 do	 remain	 active	 but	 more	
selective	with	 their	 contributions.	 This	may	 be	 related	 to	 a	 final	measure	 for	 engagement	 that	
focuses	on	the	users’	identification	with	the	community	(Vreede	et	al.,	2013).	
2.7 Summary	
The	 importance	 of	 science	 literacy	 in	 promoting	 cultural	 values	 and	 supporting	 modern	
technology-based	 economy	 has	 been	 endorsed	 as	 an	 essential	 component	 of	 a	 democratic	
society.	This	has	led	to	the	development	of	several	participation	models	and	projects	that	aim	to	
engage	 the	 public	 with	 science	 and	 promote	 scientific	 understanding.	 Involving	 participants	 in	





IBL	 has	 also	 been	 proposed	 as	 a	 method	 for	 enhancing	 science	 literacy	 as	 it	 can	 engage	 the	
learners	 in	 all	 the	 stages	 of	 scientific	 inquiry	while	 advancing	 scientific	 thinking.	 A	more	 recent	
approach	to	IBL	introduces	authentic	scientific	research	and	personally	meaning	activities	in	order	
to	place	science	 in	 the	 real	world	and	enhance	 the	commitment	arising	 from	 learners’	personal	
interest.	IBL	has	mainly	been	applied	to	school	settings.		
Citizen	Inquiry	is	an	approach	to	informal	science	learning	which	combines	aspects	from	IBL	and	
PPSR	 models	 and	 aims	 to	 engage	 citizens	 in	 online	 communities	 of	 scientific	 investigations.	
Citizens	 within	 Citizen	 Inquiry	 conduct	 their	 own	 research	 based	 on	 their	 everyday	 science	




outcomes	 of	 Citizen	 Inquiry	 communities.	 In	 this	 PhD	 research	 the	 investigation	 starts	 with	 an	











exploring	 the	 motivations,	 levels	 and	 types	 of	 engagement	 in	 such	 online	 communities.	 The	




The	 final	 research	 question	 involves	 the	 exploration	 of	 new	 community	 aspects	 applied	 to	 the	
second	design	study:	creation	and	sustaining	of	the	community	(RQ1)	and	member	engagement	








This	 chapter	 focuses	 on	 the	 methodological	 approach	 used	 in	 this	 thesis	 and	 the	 research	
methods	used	toward	the	exploration	and	evaluation	of	the	research	questions.	It	discusses	how	
design-based	research	and	a	mixed	methods	approach	were	applied	to	this	research,	repeats	the	
research	questions	of	 each	design	 study,	 presents	 the	 general	 data	 collection	 analysis	methods	
and	 indicates	 how	 these	 methods	 were	 implemented	 in	 each	 design	 study.	 Finally,	 it	 informs	
about	 the	 ethical	 considerations	 taken	 into	 account	 for	 the	 design	 of	 this	 research,	 and	 how	
validity	 and	 reliability	 of	 the	 outcomes	were	 verified.	 For	 the	 approaches	 used	 in	 creating	 and	
developing	the	online	communities	see	Chapter	4	and	Chapter	5.		
3.2 Design-based	research	
The	 current	 PhD	 study	 employs	 a	 design-based	 research	 (DBR)	 methodology	 (Design-Based	
Research	 Collective,	 2003;	 Collins,	 Joseph	 &	 Bielaczyc,	 2004;	 Wang	 &	 Hannafin,	 2005;	 Bell,	
Hoadley	&	Linn,	2013).	DBR	emerged	 from	the	need	 for	educational	 research	 to	be	attached	to	
the	 issues	of	everyday	practice	and	 it	 leads	 to	 the	development	of	usable	knowledge.	As	Barab	
and	Squire	 (2004,	p.	3)	explain	“Design-based	research	 [...]	was	 introduced	with	the	expectation	





research	 practices.	 Cobb	 et	 al.	 (2003)	 compare	DBR	 to	 philosophical	 orientations	 for	 education	
(e.g.	 constructivism)	 and	 argue	 that	 the	 latter	 ones	 often	 fail	 to	 provide	 detailed	 guidance	 in	
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organising	 instruction	whilst	 referring	 to	DBR	as	 a	 “theory	 that	works”.	 DBR	 should	 refine	both	
theory	and	practice	(Collins,	Joseph	&	Bielaczyc,	2004).	




questions	 such	 as	 whether	 an	 intervention	 that	 researchers	 do	 not	 entirely	 control	 can	 be	




with	 ongoing	 revisions	 according	 to	 current	 success,	 involve	 other	 researchers	 in	 the	 design,	
investigate	many	different	aspects	not	a	number	of	hypotheses,	and	identify	all	the	aspects	that	
may	affect	the	situation	rather	than	manipulating	specific	variables	(Collins	et	al.,	2004).	
The	design	 intervention	may	be	of	many	 types,	 such	as	a	 technological	or	 activity	 intervention.	
The	 creation	 of	 the	 design	 in	 DBR	 begins	with	 the	 evaluation	 of	 the	 specific	 context	 alongside	











are	 important	 for	 its	effective	 transfer	 to	other	 contexts	 (Brown,	1992).	According	 to	 Jan,	Chee	
and	 Tan	 (2010),	 the	 quality	 of	 the	 results	 and	 the	 success	 of	 interventions	 depend	 on	 the	
alignment	 of	 domain	 knowledge	 presentation,	 frameworks	 for	 learning,	 affordances	 of	 the	
instructional	tools	and	contextual	limitations.		
For	this	PhD	research,	an	investigation	of	the	current	theories	and	issues	around	PPSR	and	other	






first	design	provide	 the	 framework	and	 the	 focus	of	 investigation	 for	 the	next	cycle	of	 iteration	
(Cobb	et	al.,	2003).	Moreover,	researchers	can	be	flexible	with	the	ongoing	design,	but	consistent	
with	important	principles	of	the	design	(Scharwtz	et	al.,	1999).	Thus,	they	can	improve	the	design	
of	 the	current	 iteration	with	on-going	changes.	This	PhD	 research	employed	 two	design	 studies	





order	 and	 the	 relationships	 between	 the	 principles	 so	 that	 they	 will	 be	 useful	 in	 new	 settings	
(Brown	&	Campione,	1996).	This	guidance	helps	to	facilitate	the	adaptability	and	generalisability	
of	 the	 research	 (Wang	&	Hannafin,	 2005).	 The	 documentation	 for	 the	 first	 intervention	 can	 be	
found	in	Chapter	4	and	for	the	main	study	in	Chapter	5	and	Chapter	7.		
Adopting	a	DBR	approach	in	this	PhD	research	helped	to	evolve	design	principles	for	creating	and	





Further,	 DBR	 is	 a	methodology	 comprised	 of	 both	 qualitative	 and	 quantitative	 research.	Mixed	
methods	are	utilised	during	 the	 iterative	research	phases	 in	order	 to	analyse	 the	outcomes	and	
inform	the	re-design	of	the	intervention	(Design-Based	Research	Collective,	2003;	Bell,	Hoadley	&	
Linn,	2004).	Moreover,	the	tools	and	techniques	may	vary	and	evolve	during	the	different	phases	
of	 an	 intervention	 as	 new	 needs	 and	 issues	 emerge.	 This	 combinatory	 nature	 increases	 the	
“objectivity,	 validity,	 credibility	 and	applicability”	of	 the	 findings	 (Wang	&	Hannafin,	 2005).	 This	
focusing	 of	 attention	 on	 the	 problem	 instead	 of	 methods,	 and	 the	 ‘free’	 choice	 of	 pluralistic	





In	order	 to	address	 the	 research	questions,	 feedback,	 attitudes	and	opinions	were	 sought	 from	
the	participants	of	the	two	design	studies.	Research	on	engagement	in	PPSR	projects	focuses	on	
exploring	qualitatively	 the	psychological	 factors	of	engagement,	 such	as	motivation,	 satisfaction	
and	frustration,	and	a	quantitative	estimation	of	the	level	of	engagement	of	each	user.	In	a	review	
of	methods	for	researching	engagement	in	online	communities	it	is	argued	that	a	combination	of	
qualitative	 and	 quantitative	 data	 provide	 better	 understanding	 of	 the	 results,	 as	 quantitative	
studies	 lack	 interpretative	 data	 and	 qualitative	 research	 lacks	 generalizable	 large	 numeric	 data	
(Malinen,	 2015).	 This	 PhD	 research	 adopted	 a	 mixed	 methods	 approach	 aiming	 to	 measure	
engagement	in	Citizen	Inquiry	projects	quantitatively	and	qualitatively.		
In	 a	 mixed	 methods	 approach	 the	 researcher	 combines	 research	 methods,	 techniques,	
approaches,	language	or	concepts	into	a	single	study	(Bryman,	2006;	Creswell,	2009).	The	design	
process	 usually	 employs	 a	 mixture	 of	 methods,	 such	 as	 quantitative	 and	 qualitative	 surveys,	
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Numeric	 data	 deriving	 from	quantitative	 research	 are	 useful	 for	 validating	 and	 testing	 theories	
which	 may	 be	 generalised	 under	 certain	 conditions	 (Sapsford,	 2006;	 Bryman,	 2012)	 whilst	 in	
qualitative	 research	 it	 is	 more	 difficult	 to	 test	 theories	 and	 generalise	 to	 other	 populations	
(Thomas,	2013).	However,	data	in	qualitative	research	are	often	collected	in	naturalistic	settings,	




One	 of	 the	 procedures	 used	 is	 ‘sequential	 explanatory	 design’,	 which	 consists	 of	 two	 distinct	
phases:	quantitative	followed	by	qualitative	(Ivankova,	Creswell	&	Stick,	2006).	The	rationale	for	
this	 approach	 is	 that	 the	 analysis	 of	 qualitative	data	explains	 the	 statistical	 results	 by	 exploring	
people’s	 viewpoints	 (Rossman	 &	 Wilson,	 1985).	 It	 can	 be	 especially	 useful	 for	 explaining	
unexpected	results	derived	from	quantitative	study	(Morse,	1991).	The	limitation	of	this	design	is	
the	lengthy	time	to	collect	and	analyse	both.	
In	 general,	 mixed	 methods	 require	 increased	 amount	 of	 time	 and	 cost	 to	 conduct	 a	 study	
(Bazeley,	 2002).	 Furthermore,	 the	 researcher	 needs	 to	 have	 good	 knowledge	 of	 the	 multiple	
methods	 being	 used	 and	 skills	 to	 collect,	 analyse	 and	 interpret	 the	 results	 of	 the	 different	
methods.	Yet,	the	description	of	the	procedure	should	convey	the	results	to	readers	that	are	not	
familiar	with	a	number	of	the	methods	being	used	(Creswell,	2009).	There	 is	also	a	risk	that	the	
researcher	may	choose	methods	within	 their	expertise	 rather	 than	others	more	appropriate	 for	
answering	 the	 research	 question	 (Bryman,	 2003).	 In	 this	 PhD	 research,	 the	 data	 collection	 and	
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analysis	 approaches	 were	 selected	 based	 on	 measures,	 instruments	 and	 methods	 employed	
successfully	in	previous	research	(see	Section	2.2.4).		
3.4 Overview	
This	 section	 presents	 the	 research	 questions	 of	 each	 design	 study,	 and	 the	 general	 methods	
employed	 in	 this	 research	 for	 data	 collection	 and	 analysis.	 Several	 outcome	 measures	 and	
instruments	suggested	 in	the	 literature	(Section	2.2.4)	were	employed	 in	this	thesis:	duration	of	
participants’	 engagement,	 number	 of	 visits,	 improved	 understanding	 of	 science	 content	 and	
process	 (Bonney	 et	 al.,	 2009),	 participation	 volume,	 members’	 satisfaction,	 belonging	 to	 the	
community,	quality	of	relationships,	patterns	of	the	community	(Malinen,	2015).	The	instruments	
for	 measuring	 and	 analysing	 the	 outcomes,	 include	 self-report	 questionnaires,	 self-reported	




This	 research	 is	 directed	 toward	 addressing	 two	 sets	 of	 research	 questions.	 The	 first	 set	 (a)	
belongs	to	Design	Study	1	and	aims	at	the	exploration	of	Citizen	Inquiry	(Table	4).	The	second	set	
(b)	 has	 arisen	 after	 the	 evaluation	 and	 reflection	 on	 the	 results	 of	 the	 first	 design	 study	 and	
literature	 survey	 (Table	5).	 The	data	 collection	and	analysis	methods	were	 set	 to	address	 these	
research	issues.		
	(a)	 Design	Study	1	–	Inquiring	Rock	Hunters:	


















































Kendall,	 1956).	 As	 a	 focus	 group	 is	 something	 that	 occurs	 in	 interaction	 and	 discussion	 with	
others,	 it	 is	 considered	 to	 be	 more	 naturalistic	 than	 individual	 interviews	 (Wilkinson,	 1998).	
Moreover,	 it	 facilitates	 the	 exposure	 of	 individual	 attitudes,	 feelings	 and	 beliefs	 through	 the	
interaction	 and	 provides	 a	 larger	 amount	 of	 information	 in	 a	 shorter	 period	 of	 time	 (Morgan,	





System	 Usability	 Scale	 (SUS):	 On	 the	 SUS	 participants	 are	 asked	 to	 score	 ten	 items	 that	 are	
related	 to	 the	 usability	 of	 the	 software.	 SUS	 is	 characterised	 as	 a	 reliable	 tool	 for	 measuring	
usability	 as	 it	 can	 be	 used	 on	 small	 sample	 sizes	with	 reliable	 results,	 it	 can	 distinguish	 usable	
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systems,	 and	 it	 is	 easy	 for	participants	 to	 administrate	 (Sauro,	 2011).	 SUS	was	 chosen	as	 it	 has	
become	widely	recognised	and	an	industry	standard.	








Interviews:	 Semi-structured	 interviews	 were	 conducted	 with	 the	 participants	 in	 both	 design	
studies.	 Semi-structured	 interviews	are	usually	preferred	when	 the	 researcher	has	 a	 fairly	 clear	
focus	 of	 the	 investigation	 rather	 than	 a	 general	 notion	 of	wanting	 to	 do	 research	 on	 the	 topic	
(Bryman,	 2012).	 The	 interviews	 were	 recorded,	 transcribed	 and	 translated	when	 the	 interview	
was	 not	 in	 English,	 by	 the	 researcher.	 This	 practice	 helps	 to	 correct	 the	 natural	 limitations	 of	
memory	and	allows	a	 repeated	and	more	 thorough	examination	of	what	people	 said	 (Heritage,	
2013).	
Questionnaires:	Self-completion	questionnaires	are	convenient	as	they	can	be	completed	at	the	
time	 and	 speed	 that	 the	 respondents	 want	 (Bryman,	 2012).	 One	 limitation	 is	 that	 the	
questionnaires	can	be	read	as	a	whole	and	the	questions	may	not	be	independent	or	answered	in	
the	 right	order.	However,	 this	 can	be	eliminated	with	 the	use	of	a	web	survey	 that	decides	 the	
order	of	questions	based	on	the	previous	responses,	and	by	which	the	researcher	can	also	send	






The	 participants	 in	 both	 design	 studies	were	 invited	 to	 participate	 in	 the	 online	 questionnaires	
through	their	email	addresses.	The	invitation	included	a	log-in	code	or	identification	number	with	
which	 to	complete	 the	questionnaire.	This	method	prevented	non-participants	 from	completing	
the	 survey	 and	 tracked	 those	who	had	 not	 responded.	Non-respondents	were	 sent	 a	 reminder	
email	after	a	two-week	period	and	a	final	reminder	a	few	days	before	the	end	of	the	survey.		
Different	 types	of	variable	were	generated	 in	both	studies,	 from	the	responses	of	closed-ended	
questions,	 such	 as	 ordinal,	 nominal	 and	 dichotomous	 variables.	 These	 were	 analysed	 in	 SPSS	
statistical	 analysis	 software	 (Version	 21)	 and	 represented	 by	 graphs,	 indicating	 means	 and	
standard	deviations.	The	qualitative	feedback	from	the	online	questionnaires	has	been	subjected	
to	 either	 a	 thematic	 or	 content	 analysis.	 Thematic	 analysis	 has	 been	 used	 for	 the	 open-ended	
questions	whilst	 content	 analysis	 has	 been	employed	 for	 closed-ended	questions	which	had	 an	
open	field	for	the	participants	to	fill	in	when	a	predetermined	response	was	not	appropriate.		
Researcher	 notes:	 The	 researcher	 actively	 supported	 the	 interventions	 in	 all	 tasks,	 from	 the	
design	 of	 the	 studies	 and	 the	 creation	 of	 the	 community	 to	 the	 dissemination	 of	 outcomes.	
Moreover,	 the	 researcher	 participated	 in	 both	 communities	 as	 a	 participant	 and	 moderator,	
contributing	 to	 the	 projects	 as	 a	member	 and	 intervening	when	 appropriate	 for	 improving	 the	




all	 qualitative	 research	 studies	 (Clarke,	 2003).	Memos	 in	 this	 research	were	 used	 to	 assure	 the	
preservation	 of	 the	 ideas	 (Glaser,	 1978;	 Denise,	 Beck	 &	 Hungler,	 2001).	 Memos	 engage	 the	






this	 way,	 the	 researcher	 understood	 what	 ideas	 led	 to	 several	 decisions	 and	 could	 reconsider	























Thematic	 analysis:	 The	 analysis	 of	 the	 focus	 group,	 interviews	 and	 some	 open-ended	 survey	
questions	focused	on	examining	themes	within	the	qualitative	data	and	so	thematic	analysis	was	








For	 the	 interviews	 and	 the	 focus	 group,	 initially	 a	 transcription	 of	 the	 verbal	 content	 in	 the	
recordings	 took	 place.	 Social	 talk,	 activities	 (gestures,	 facial	 expressions),	 features	 of	 talk	
(emphasis,	 speed,	 pauses)	 and	 crutch	 words	 were	 not	 included	 as	 they	 do	 not	 add	 to	 the	





theme	development.	Therefore,	 the	 interview	themes	 focused	on	the	data	that	were	suggested	
by	the	research	questions	of	each	design	study	but	at	the	same	time	themes	linked	to	the	data,	














and	 there	 were	 enough	 (and	 not	 too	 diverse)	 data	 to	 support	 them.	 For	 the	 review,	 all	 the	
collated	 data	 extracted	 for	 each	 theme	 were	 read	 to	 make	 certain	 they	 formed	 a	 coherent	





Although	 thematic	 analysis	was	 a	 flexible	method	which	 allowed	 a	 range	 of	 aspects	 to	 be	 said	
about	 the	 collected	data,	 the	danger	of	poorly	 conducted	analysis	was	 taken	 into	 account	 as	 it	
may	have	influenced	the	aspects	of	data	the	researcher	should	focus	on	(Braun	&	Clarke,	2008).	
Therefore,	 at	 the	 end	 of	 the	 thematic	 analysis,	 the	 researcher	 revisited	 the	 research	 questions	
and	 looked	 for	 aspects	 that	would	 help	 in	 addressing	 them.	 Another	 disadvantage	 of	 a	 simple	
thematic	analysis	is	that	it	does	not	allow	the	researcher	to	make	claims	about	the	language	used.	
However,	this	thesis	does	not	investigate	the	use	of	language	in	the	surveys.	
Content	 analysis:	 The	 exploration	 of	 the	 investigations	 went	 through	 content	 analysis	 of	 the	






Hence,	 the	 researcher	 did	 not	 use	 preconceived	 categories,	 but	 instead	 allowed	 categories	 to	
emerge	 from	 data	 (Kondracki,	 Wellman	 &	 Amundson,	 2002).	 The	 textual	 data	 was	 explored	
inductively	 for	 emerging	 categories	 that	 relate	 to	 the	 same	 central	 meaning	 (Graneheim	 &	





total	 value	 with	 a	 numerical	 proportion.	 Pie	 charts	 were	 used	 to	 illustrate	 closed-ended	
questionnaire	 responses,	 with	 only	 one	 parameter.	 Bar	 charts	 were	 selected	 over	 other	 data	
presentation	methods	since	the	height	of	the	different	bars	represents	each	value	in	an	easy	way	
to	 display	 and	 compare	 two	 or	 more	 parameters	 derived	 from	 closed-ended	 questionnaire	
responses,	log	files	and	quantitative	metrics.		
Social	network	analysis	 (SNA):	For	 the	exploration	of	 the	 interactions	 through	the	collected	 log	
data,	 an	 SNA	 approach	was	 taken.	 SNA	 can	 be	 used	 in	 the	 context	 of	 learning	 to	 explore	 and	
promote	 collaborative	 links	 between	 the	 learners	 and	 the	 resources,	 in	 order	 to	 help	 them	
develop	their	capabilities	(Haythornthwaite	&	Laat,	2010).	The	analysis	of	the	structure	of	social	
networks	of	informal	learning	networks,	such	as	educational	blogs,	has	also	been	featured	in	the	
past	 (Pham	 et	 al.,	 2012).	 SNA	 conceptualizes	 individuals	 or	 resources	 as	 nodes,	 which	 are	
connected	by	ties	if	a	link	(e.g.	interaction,	contribution)	exists	between	two	nodes	(Wasserman	&	
Faust,	1994).		
Quantitative	 metrics:	 For	 the	 evaluation	 and	 measurement	 of	 the	 online	 community	 activity,	
researchers	 have	 developed	 success	 metrics.	 Metrics	 are	 applied	 to	 log	 data	 and	 are	 used	 to	




and	 Brasileiro	 (2015)	 were	 used	 to	 compare	 two	 contributory	 citizen	 science	 projects	 with	 a	
community	where	members	were	allowed	to	have	ownership	over	the	investigations.		
Clustering:	Connectivity	 and	 centroid-based	 clustering	of	 the	quantitative	metrics	were	used	 to	
create	clusters	in	such	a	way	that	the	members	in	a	group	are	more	similar	to	each	other	than	to	
those	 of	 other	 clusters	 (Kroenke,	 2014).	 Clustering	 method	 was	 chosen	 in	 this	 research	 as	 an	
exploratory	way	to	identify	desirable	user	behaviours	and	investigate	their	properties.	
Chi-square	 test:	 Chi-square	 tests	 measure	 the	 relationship	 between	 observed	 and	 expected	
representations	 in	 each	 set	 of	 variables	 (Aron,	 2012)	 and	 for	 2x2	 chi-square	 tables	 it	 can	 be	
corrected	by	using	Fisher’s	exact	test	or	Yates’	correction	(Richardson,	1994).	Chi-square	analysis	






focused	 on	 exploring	 the	 following	 aspects:	 motivations	 for	 participating	 in	 a	 Citizen	 Inquiry	
project,	 inquiry,	 collaboration	 between	 the	 participants,	 mentoring	 by	 the	 experts,	 the	


















































































































The	 structure	 of	 the	 investigations	 was	 examined	 to	 check	 the	 completion	 status	 of	 every	
investigation	 and	 the	 completion	 status	 of	 each	 individual	 investigation	 phase.	 Then,	 some	
general	 statistics	 based	 on	 the	 total	 number	 of	 the	 investigations	 were	 calculated	 in	 order	 to	
quantify	 the	 text	 information.	 In	 addition,	 the	 methods	 used	 for	 data	 collection,	 the	 type	 of	
research	 questions	 formed,	 and	 the	 type	 of	 material	 and	 data	 collected	 in	 each	 phase	 were	
explored	and	categorised	when	possible.		
Part	of	this	checking	process	was	also	a	vocabulary	analysis,	including:		
(a)	matching	 the	 vocabulary	 used	 in	 the	 investigations	 (one	 by	 one)	with	 a	 geology-specialised	
vocabulary	 (Appendix	 A)	 to	 explore	 whether	 the	 participants	 adopted	 a	 field-specific	 language	
and		
(b)	looking	at	the	type	of	the	most	used	words	in	the	investigations.		
The	 qualitative	 data	 analysis	 software	 ‘nVivo’	 (Version	 10)	 was	 used	 to	 compare	 the	 two	
vocabularies.	The	geology-specialised	vocabulary	was	contributed	by	a	science	PhD	student	and	
approved	by	a	 geology	PhD	 student.	 The	 investigations’	 text	 as	well	 as	 the	 geology	 corpus	was	
imported	 into	 nVivo,	 where	 a	 function	 allows	 a	 count	 of	 geology	 words	 included	 in	 each	
investigation.	The	calculation	returns	the	number	of	geology	words	found	in	total	and	the	number	
of	 individual	words	 found.	For	example,	 if	 the	word	“rock”	were	used	three	times	 in	singular	or	
plural,	it	is	counted	as	the	same	word.	In	this	way,	a	list	with	all	the	investigations	and	the	number	
of	 geology	 terms	used	was	 created	 giving	 an	opportunity	 for	 further	 comparisons	between	 the	
investigations	and	further	understanding	of	the	way	the	Rock	Hunters	use	the	vocabulary	in	their	
investigations.	 Also	 having	 information	 about	 the	 participants’	 level	 of	 expertise	 from	 the	
Questionnaire	 A	 responses	 helped	 in	 the	 comparison	 of	 geology	 vocabulary	 used	 between	 the	
different	groups	(Section	4.8.2).	Using	another	nVivo	function,	nodes	were	created	with	the	most-





Participants	 in	 the	 first	 design	 study	 were	 invited	 to	 take	 part	 in	 a	 focus	 group	 with	 semi-
structured	 questions	 (Appendix	 B)	 in	 order	 to	 provide	 some	 enriched	 qualitative	 information	
about	 the	 general	 design	 of	 the	 study	 and	 their	 satisfaction	with	 the	whole	 experience	 of	 the	
investigations,	the	tools	and	the	other	participants.	The	main	aim	of	this	method	was	to	explore	
the	 experience	 and	 satisfaction	 of	 participants.	 Thus,	 the	 interactions	 within	 the	 group	 were	
focused	on	the	experience	of	the	 interviewees	with	the	 investigations	and	the	 individual	 inquiry	




Air’	 and	 ‘FlashMeeting’	 were	 the	 tools	 having	 the	 most	 convenient	 features	 (URL	 sharing	 and	
recording).	 The	 next	 step	 was	 to	 decide	 whether	 a	 turn-taking	 tool	 (FlashMeeting)	 providing	
equity	 of	 participation	was	more	 suitable	 than	 a	 non-turn-taking	 tool	 (Hangouts	 on	 Air)	 which	
offers	 easier	 flow.	 Hangouts	 on	 Air	was	 the	 final	 choice	 as	 the	 stop/start	 broadcast	 feature	 of	
FlashMeeting	 was	 a	 barrier	 to	 the	 easy	 flow	 of	 conversation	 required	 for	 the	 particular	 focus	
group.	 Some	other	 tools	were	also	 tested	out,	 such	as	Hall.com,	meeting.10,	 emeet.me,	 sifonr,	
vidyoway,	 camdip,	 livecage,	 tinychat.	 These	 tools	 were	 rejected	 directly	 because	 they	 were	










online	 focus	group	but	 still	wanted	 to	provide	 some	 feedback	on	 the	project’s	design.	Thus,	 an	
invitation	was	sent	out	to	all	 the	participants	and	semi-structured	 interviews	(Appendix	B)	were	
conducted	with	everybody	that	accepted	the	invitation,	face-to-face	or	online	(Facebook,	Google	
Hangouts),	 according	 to	 the	 interviewee’s	 preference.	 The	 individual	 interviews	 aimed	 to	 the	
same	objectives	as	the	focus	group	and	were	analysed	through	thematic	analysis	(Section	3.4.3).	
3.5.4 Questionnaire	A	
Questionnaire	A	 (Appendix	 C)	was	 accessed	 online	 and	 hosted	 by	 Bristol	Online	 Surveys	 (BOS).	
BOS	 is	 used	 by	 The	 Open	 University	 for	 Student	 Statistics	 &	 Surveys	 and	 it	 allows	 the	
development,	organization	and	analysis	of	surveys	via	the	Web.	This	particular	online	service	was	
chosen	 over	 the	 popular	 “Survey	 Monkey”	 due	 to	 the	 BOS	 license	 provided	 by	 The	 Open	
University,	which	provides	an	option	to	add	more	than	10	questions	for	free.		
All	 the	 participants	 (both	 expert	 scientists	 and	 non-experts)	 were	 invited	 to	 complete	 the	
questionnaire	 at	 the	 end	 of	 the	 project.	 It	 included	 eleven	 open	 and	 closed-ended	 questions	
aiming	 to	address	 aspects	of	 all	 the	 research	questions	 (Table	8).	Hence,	 it	 offered	 information	
about	the	motivations,	inquiries,	collaboration,	mentoring,	nQuire	platform,	and	experience.	The	
questionnaire	 included	questions	 regarding	 the	 level	of	members’	expertise,	 reasons	 for	 joining	
the	 community,	 how	 difficult	 it	 was	 to	 form	 research	 questions,	 and	 whether	 they	 needed	 to	
revise	 them.	Also,	whether	 they	needed	help	and	 for	what,	where	 they	 looked	 for	 it	and	which	




The	SUS	 (Brooke,	1996)	 (Appendix	D)	was	 filled	 in	by	all	 the	participants,	experts	 scientists	and	

















between	 the	 participants.	 Hence,	 the	 graphs	 visualised	 when	 members	 communicated	 or	




and	aimed	to	explore	 thoroughly	 the	engagement	of	citizens	 in	communities	of	online	scientific	
investigations	 (see	Chapter	5).	 In	 this	 intervention,	 the	participants	had	 the	option	 to	 create	or	
join	three	types	of	investigations:	Sense-it,	Spot-it	and	Win-it	(see	Section	5.3.1).	The	main	focus	
of	 this	 study	was	 to	 investigate	 how	 to	 create	 active	 and	 sustainable	 communities	 of	 scientific	
investigations,	 how	 the	 members	 are	 engaged	 in	 the	 community	 and	 ways	 to	 improve	 the	
engagement,	 and	 finally	 how	 they	 learn	 and	 the	 ways	 to	 support	 science	 learning.	 The	 main	






interviews	and	 researcher	notes	were	used	 for	 the	data	collection.	Under	each	one	of	 the	data	










































































































from	 the	 investigations	 were	 collected	 and	 analysed	 in	 order	 to	 provide	 information	 for	 the	
following:	
Overall	 participation	 in	 investigations:	 The	 participation	 volume	 was	 calculated	 based	 on	 the	
number	 of	 registrations	 in	 the	 project,	 investigations,	 total	 memberships	 in	 investigations,	
created	 data,	 comments,	 forums	 posts	 and	 average	 members	 per	 investigation.	 In	 addition,	 a	




provided	 information	 about	 which	 investigations	 or	 types	 of	 investigation	 tend	 to	 be	 chosen	
together.	 Furthermore,	 Google	 Analytics	 data	 identified	 the	 most	 visited	 and	 popular	
investigations.		
Participation	 in	 individual	 investigations:	 The	 criteria	 for	 exploring	 each	 investigation	 differed	
according	to	their	type	(Sense-it,	Spot-it,	Win-it).	For	Sense-it	investigations,	collected	data	were	
counted,	the	data	collection	method	was	examined	and	the	sensor	measurements	were	analysed.	
For	 Spot-it	 investigations,	 total	 and	 identified	 pictures/inquiries	 were	 counted.	 For	 Win-it	
investigations,	 the	 proposed	 ideas	 were	 examined	 and	 in	 some	 cases	 assessed	 by	 weather	
experts,	votes	were	counted,	and	the	completion	status	was	checked.		
Type	 of	 activity	 and	 learning:	 Initially,	 the	 creation	 of	 activity	 profiles	 through	 cluster	 analysis	
(Section	 3.6.4.3)	 was	 the	 predetermined	method	 for	 exploring	 the	 activity	 and	 learning	 in	 the	
community.	However,	as	the	clustering	was	not	feasible	due	to	the	diversity	of	activities	members	
were	involved	in,	all	the	types	of	activity	were	described	with	examples	of	members	who	became	





then	classified	 into	categories	based	on	 their	 type	and	scope	 (e.g.	mentoring).	These	categories	
represent	patterns	of	inquiry	interaction	between	and	within	science	experts	and	non-experts.		
Plots:	 The	 plots	 produced	 by	 the	 sensor	 recordings	 were	 examined	 to	 confirm	 whether	 the	
uploaded	 measurements	 were	 valid	 and	 the	 participants	 followed	 the	 instructions	 for	 data	
collection	correctly.		
Sensor	measurements:	The	values	were	analysed	to	permit	a	description	of	the	results	in	different	
geographical	 areas.	 Furthermore,	 there	 was	 a	 comparative	 analysis	 among	 recordings	 from	











The	 interviewees	 were	 selected	 based	 on	 ‘purposive	 sampling’	 (Patton,	 1990).	 Some	 of	 the	
participants	 had	 some	 characteristics	 of	 interest,	 such	 as	 outstanding	 participation/lurking,	
dropouts,	 expertise	 or	 had	 joined	 both	 studies.	 Therefore,	 an	 extreme/deviant	 sampling	
procedure	 (Teddlie	&	 Tashakkori,	 2009)	was	 employed	 as	 a	 type	 of	 purposive	 sampling	 for	 the	
selection	of	cases	of	interest	which	concluded	with	the	selection	of	eight	interviewees:	one	with	




lurking	 reasons,	 provide	 insight	 into	 the	 experience	 of	 members	 with	 the	 investigations,	 gain	
some	 feedback	 from	weather	 experts	 about	 the	design	of	 the	 community,	 receive	 feedback	on	
the	 software,	and	 finally	allow	a	comparison	between	 the	 two	design	 studies	by	members	who	
joined	both.		
As	the	participants	felt	more	comfortable	in	communicating	via	chat,	the	means	of	the	interviews	
was	 the	 Facebook	messenger	 and	 for	 the	 busiest	 ones	 (science	 experts)	 by	 email.	 Although	 in	
email	interviews	there	is	loss	of	spontaneity,	it	is	argued	that	it	takes	pressure	off	interviewees	to	
respond	quickly	and	allows	them	to	provide	considered	replies	(Bampton	&	Cowton,	2002).	Seven	
out	 of	 eight	 invited	members	 gave	 a	 positive	 response	 to	 the	 invitation;	 the	member	with	 the	








member	 as	 in	 Design	 Study	 1,	 providing	 username	 and	 passwords.	 The	 larger	 number	 of	




about	 the	 recruitment,	 motivations	 for	 participating,	 weather	 expertise,	 belonging	 to	 the	







log	 files	 that	 could	 be	 analysed	 as	 part	 of	 the	 evaluation	 process.	 Thus,	 data	 from	 14	 weeks	
(23/11/2014-1/3/2015)	were	 exported	 from	 the	nQuire-it	 database.	 The	 log	 files	 provided	data	
for	 the	 community	 structure,	 the	 interactions	 between	 the	 members	 and	 the	 missions,	 the	
evolution	 of	 the	 community;	 these	 were	 processed	 through	 SNA	 or	 visualised	 via	 bar	 charts.	




SNA	 (Section	 3.4.3)	 helped	 appreciate	 the	 structure	 of	 the	 Weather-it	 community,	 the	
participation	of	members	(who	are	active	and	peripheral	participants),	to	understand	the	patterns	
of	 interactions	 between	 the	 members	 and	 the	 missions,	 and	 answer	 questions	 like	 who	
contributed	to	whose	data.		
Basic	 social	 network	 analysis	 metrics	 were	 also	 used,	 such	 as	 centrality	 degree,	 betweeness	




• Part	 I	 –	 Interactions	 overview:	 The	 members	 are	 represented	 as	 nodes	 in	 graphs	
demonstrating	 who-contributed-to-whom.	 A	 directed	 tie	 is	 present	 between	 two	 nodes	 if	
one	 member	 contributed	 to	 the	 data	 of	 another	 member.	 The	 contribution	 may	 be	 (a)	
membership	 in	missions,	 (b)	data	 to	missions,	 (c)	 comments	 to	missions	or	posts,	 (d)	 liking	













• Part	 III	 –	 Community	 evolution:	 SNA	 approach	 was	 also	 taken	 for	 the	 exploration	 of	 the	
Weather-it	 evolution.	 Social	 network	 graphs	 should	 help	 appreciate	 the	 structure	 of	 the	
Weather-it	community	over	time,	answer	questions	like	how	the	community	has	evolved	and	
give	 insight	 into	which	reinforcement	activities	promoted	that	evolution.	The	ties	represent	
the	 contributions	 between	 the	 members.	 The	 contribution	 may	 be	 (a)	 membership	 in	
missions,	 (b)	 data	 to	missions,	 (c)	 comments	 to	missions	 or	 posts,	 (d)	 liking	 posts,	 and	 (e)	
posting	to	the	forum.	The	data	was	imported	into	Gephi	in	a	spreadsheet	and	the	generated	
network	 graph	 shows	 who-contributed-to-whom.	 A	 timeline	 of	 the	 graph	 alongside	 the	
weekly	data	 recording	were	 then	used	 to	split	 the	evolution	of	 the	community	 into	stages,	
based	on	the	data	trends.	
The	participants	who	 registered	 for	Weather-it	 but	 did	 not	 register	with	 the	nQuire-it	 platform	
were	excluded	from	the	SNA	as	well	as	the	members	who	did	not	join	any	mission	or	forum	topic	




consent	 to	use	 their	data;	 those	were	also	excluded	 from	the	network.	Moderators	 (researcher	
and	 main	 supervisor)	 were	 also	 included	 in	 order	 to	 capture	 the	 contributions	 of	 members	
towards	 them.	The	data	were	 then	 imported	 into	 the	Gephi	visualization	 tool	 in	a	 spreadsheet,	
creating	a	directed	network	for	part	I	and	III,	and	undirected	for	part	II.		
3.6.4.2 Engagement	Metrics	
The	metrics	 used	 for	measuring	 engagement	 in	 contributory	 projects	 have	 been	 adopted	 from	




had	 active	 days	 in	 the	 project	 (blue	 boxes)	 and	 during	 these	 days	 contributed	with	 their	 data,	
comments,	 likes,	 forum	posts	and	mission/forum	creation.	During	a	 lurking	day	 (red	boxes),	 the	
member	 just	 visited	 the	 community	 without	 getting	 involved	 in	 any	 activity,	 than	 browsing.	









Activity	ratio:	 It	 is	 the	ratio	of	days	on	which	the	member	was	active	and	executed	at	 least	one	






Variation	 in	 periodicity:	 It	 is	 the	 standard	 deviation	 of	 the	multiset	 of	 number	 of	 days	 elapsed	




In	addition,	 the	PhD	 researcher	proposes	 the	 following	metric	 for	measuring	 lurking	 (not	active	
contribution),	 based	 on	 research	 by	 Preece	 et	 al.	 (2004)	 on	 the	 extent	 of	 lurking	 in	 online	
communities:	
Lurking	 ratio:	 It	 is	 the	proportion	of	days	on	which	 the	 volunteer	was	 lurking	 in	 relation	 to	 the	
total	days	they	visited	the	project.	The	closer	to	1	means	the	more	a	volunteer	lurks	(i.e.	logs	into	
the	platform	and	browses	content	but	does	not	contribute)	during	the	days	they	are	online.		












method	 similar	 to	 the	 one	 used	 by	 Ponciano	 and	 Brasileiro	 (2015)	 was	 adopted.	 Prior	 to	 the	
clustering	 the	 values	 of	 the	 engagement	 metrics	 were	 normalized	 in	 the	 interval	 [0,1].	 Then,	
members	were	 separated	 into	 two	 groups;	 active	members	 (those	who	were	 active	more	 than	
two	 days)	 and	 visitors	 (those	 with	 two	 or	 fewer	 active	 days).	 Active	 members	 were	 clustered	
based	on	 the	 four	metrics	whereas	visitors	were	placed	 in	a	different	 category	 in	advance,	and	
were	clustered	with	‘Variation	in	periodicity’	metric	excluded,	as	it	was	not	possible	to	calculate	it	






The	 following	 method	 was	 applied	 to	 both	 engagement	 and	 activity	 profiles	 clustering.	 A	
hierarchical	 clustering	 algorithm	was	used	and	a	dendrogram	was	plotted	 to	provide	 a	 suitable	
interval	 to	 test	 the	 number	 of	 clusters.	 The	 clustering	 quality	was	 evaluated	 by	Davies-Bouldin	
index	(Davies	&	Bouldin,	1979)	and	Average	Silhouette	(Rousseeuw,	1987).	Davies-Bouldin	Index	
evaluates	 intra-cluster	 similarity	and	 inter-cluster	dissimilarities.	The	best	clustering	scheme	has	
to	minimise	the	Davies-Bouldin	 index	 (no	cluster	 to	be	similar	 to	another).	Thus,	 the	number	of	
clusters	for	which	the	value	is	the	lowest,	is	a	good	guide	on	how	many	clusters	exist	in	the	data.	








(Lu	 et	 al.,	 2008).	 K-means	 was	 preferred	 over	 a	 two-step	method	 as	 the	 data	 did	 not	 include	
categorical	variables	with	three	or	more	levels	(Norusis,	2007).	The	resulting	engagement	profiles	
were	validated	and	described	in	combination	with	qualitative	data	of	the	participants	that	belong	
to	 each	 profile	whilst	 the	 activity	 profiles	were	 accompanied	 by	 exemplar-participants	 that	 fall	
into	 the	 particular	 profile.	 The	 qualitative	 data,	 collected	 from	 Questionnaire	 B	 (Section	 3.6.3)	
included	 information	 such	as	 level	of	weather	expertise,	 current	 activity	 status,	motivations	 for	
joining,	attitudes	towards	the	project,	and	satisfaction	levels.	
The	 creation	 of	 activity	 profiles,	 unlike	 the	 engagement	 profiles,	 was	 not	 successful	 as	 the	
members	 were	 mainly	 involved	 in	 diverse	 activities	 and	 not	 in	 a	 particular	 type	 of	 activity.	
Consequently,	 the	 community	 activity	was	 illustrated	 through	examples	of	 activity	 and	 learning	
(Section	6.5.4).		
3.6.4.4 Bar	charts		
Bar	 charts	 visualising	 data	 from	 the	 log	 files	 were	 created	 to	 summarise	 significant	 features	
related	 to	 the	 sustainability	 of	 the	 Weather-it	 community	 and	 represent	 them	 as	 a	 picture.	




design	 study	 (Section	 3.5.6)	 and	 thus,	 the	 researcher	 undertook	 a	 more	 administrative	 role,	
recording	 ideas	 such	 as	 thoughts,	 feelings	 and	 impressions,	 during	 the	 project	 that	 may	 later	
prove	significant	(e.g.	for	explaining	the	evolution	of	the	community).	Memos	were	recorded	in	a	






Research	 involving	 online	 settings	 is	 increasing	 in	 prevalence,	 involving	 many	 forms	 and	
continuing	changes.	As	a	result,	researchers	are	exploring	ethical	issues	in	forcing	the	researcher	
to	evaluate	issues	related	to	methodological	choices	which	are	sometimes	embedded	in	the	tools’	
design	 (Burnett,	 Consalvo,	 &	 Ess,	 2011).	 For	 instance,	 a	 question	 could	 be	 “does	 nQuire	 allow	
participants	to	use	usernames,	instead	of	their	real	names?”.	Thus,	researchers	when	carrying	out	
online	 and	 other	 studies	 should	 consider	 ethics	 issues,	 such	 as	 privacy,	 informed	 consent,	
confidentiality,	risk,	anonymity,	ownership,	recruitment,	public	versus	private	spaces	(Buchanan	&	





In	 this	 PhD	 research,	 after	 the	 settings	 of	 the	 online	 design	 studies	 were	 decided,	 favourable	
opinion	 to	 proceed	 was	 sought	 and	 given	 by	 the	 Open	 University	 Human	 Research	 Ethics	
Committee	 (HREC)	 (Appendix	 G	 and	 Appendix	 H).	 The	 application	 to	 the	 committee	 included	




at	a	 secure	Open	University	 server	where	 they	will	be	destroyed	after	 the	end	of	 this	 research.	
Prior	to	the	analysis	of	the	data,	the	names	members	used	on	the	platforms	were	changed	to	RH1	









because	 they	 have	 never	 heard	 of	 it	 (Jamali	 et	 al.,	 2014).	 To	 this	 end,	 the	 researcher	 made	
















sheet	 explaining	 the	 project	 and	 a	 consent	 form	 (Appendix	 M).	 The	 latter	 one	 informed	 the	




	Furthermore,	 the	 participants	were	 informed	 about	 the	 purpose	 of	Questionnaire	 A	 and	 focus	
group,	and	were	asked	to	take	part	in	them	at	the	end	of	the	project.	Finally,	they	were	given	the	
important	dates	of	 the	project	 and	notified	about	how	 their	 data	will	 be	used.	 Then,	 invitation	






















related	 to	 learning,	 citizen	 science,	 citizen	 participation	 in	 science,	weather	 as	well	 as	 in	 Social	



































recipients	of	 the	 leaflet,	members	of	 the	core	group	and	 the	community	members.	 In	addition,	
the	 information	 leaflets	were	 circulated	 at	 conferences	 and	other	 public	 spaces	 (e.g.	 The	Open	
University).		
In	 addition	 to	 the	 general	 advertisement	 there	 were	 also	 some	 personal	 invitations	 to	 expert	
meteorologists	through	the	email.	The	initial	emails	were	sent	to	expert	members	of	meteorology	
communities	 and	 university	 departments.	 Then,	 some	 recipients	 became	 members	 of	 the	
community	and/or	invited	colleagues	to	join	by	circulating	the	email-invitation.		





The	participants	prior	 to	 their	membership	 to	 the	community	 they	were	 invited	to	complete	an	
electronic	consent	form	(Appendix	P).	The	form	informed	them	about	the	aim	of	the	project	and	














The	 participants	 of	 both	 design	 studies	were	 expected	 to	 have	 prior	 assumption.	 For	 example,	
those	associated	with	the	OU	may	well	have	assumptions	about	how	forums	are	moderated,	or	
availability	of	tutorial	support,	which	could	affect	how	they	engaged	with	the	learning,	the	social	
interactions	 and	 the	 technology.	 It	 was	 outside	 the	 scope	 of	 this	 PhD	 project	 to	 probe	 those	
assumptions	and	how	they	might	affect	engagement	and	performance,	but	 that	 is	a	priority	 for	
further	research.	
3.8 Validity	and	Reliability	
Validity	 is	an	 important	key	to	effective	and	worthy	research	and	an	 important	requirement	 for	
both	quantitative	and	qualitative	research	(Cohen,	Manion	&	Morrison,	2013).	A	mixed	methods	
approach	 provides	 a	 strategy	 for	 ‘cross-checking’	 (Symonds	 &	 Gorard,	 2010;	 Bryman,	 2012;	
Maxwell,	2012)	where	results	from	each	method	are	used	to	cofound	or	confirm	each	other.	This	
leads	to	methodological	‘triangulation’	that	helps	to	reduce	the	limitations	of	every	single	method	
whilst	 avoiding	 distorting	 a	 researcher’s	 picture	 of	 the	 particular	 piece	 of	 investigation	 (Cohen,	
Manion	&	Morrison,	2013).	Artefacts	generated	 from	more	 than	one	method	of	 collection	with	
substantially	the	same	results	enhance	the	researcher’s	confidence	in	the	validity	of	the	research	





In	addition	 to	a	multi-method	approach,	 there	are	also	other	 types	of	 triangulation	used	 in	 this	
PhD	 research.	 The	 design	 studies	 were	 conducted	 within	 two	 different	 scientific	 spaces	 which	
each	 having	 its	 own	 culture	 (scientific	 language	 and	 methods).	 This	 ‘space	 triangulation’	 with	
findings	from	diverse	set	of	data	informs	about	differences	among	the	fields	and	overcomes	the	
limitation	 of	 designing	 principles	 based	 on	 a	 single	 space	 (Smith,	 1975).	 Another	 type	 of	
triangulation	 incorporated	 into	 this	 study	 is	 the	 combined	 levels	 of	 triangulation,	 drawing	 on	
individual	and	group	analysis.	Employing	more	than	one	level	offers	a	more	meaningful	picture	of	
the	 results	 (Cohen,	 Manion	 &	 Morrison,	 2013).	 Finally,	 this	 PhD	 research	 uses	 ‘investigator	
triangulation’	 (Silverman,	2006)	 for	 ‘inter-coder	 reliability’	 in	order	 to	 identify	 coding	 themes	 in	
both	thematic	and	content	analysis,	and	improve	the	reliability	of	the	analysis	(Carr	et	al.,	2009),	
as	 this	may	be	 influenced	by	researcher	bias	 (Bos	&	Tarnai,	1999).	 In	each	design	study,	 the	 list	
with	the	codes	was	given	to	a	colleague/qualitative	researcher,	who	was	instructed	to	apply	the	
codes	to	a	part	of	the	data	set	(two	interviews).	Then,	the	analysis	by	the	second	researcher	was	
compared	 to	 the	 analysis	 by	 the	 PhD	 researcher	 to	 see	 where	 their	 coding	 matched.	 For	 the	
assessment,	 the	 percent	 agreement	 was	 used,	 which	 is	 calculated	 by	 dividing	 the	 number	 of	
agreed	 coding	 to	 the	 total	 number	 of	 the	 code	 comparisons.	 An	 agreement	 of	 75%	 has	 been	
achieved,	falling	into	the	‘rule	of	thumb’	figure	set	at	70%	(Guest	et	al.,	2011).		
In	 addition,	 trustworthiness	 in	 qualitative	 research	 can	 be	 addressed	 based	 on	 four	 criteria:	
credibility,	transferability,	dependability	and	confirmability	(Shenton,	2004).	‘Credibility’	concerns	
the	true	picture	of	the	phenomenon	being	studied	and	can	be	addressed	by	the	familiarisation	of	
the	 topic,	 the	 right	 choice	 of	 established	 research	 methods	 and	 the	 use	 of	 triangulation	
(Silverman,	2006).	 ‘Transferability’	 can	be	possible	by	providing	detailed	 contextual	 information	
about	 the	 research	 settings	 (Thomas,	 2013).	 ‘Dependability’	 can	 be	 addressed	 by	 providing	
thorough	 description	 of	 how	 the	 research	 was	 executed	 so	 that	 it	 can	 be	 repeated	 (Shenton,	
2004).	 ‘Confirmability’	 concerns	 the	 potential	 for	 research	 bias	 and	 thus	 the	 researcher	 should	
102	
	
demonstrate	 the	 emergence	 of	 findings	 from	 the	 data	 rather	 than	 their	 own	 predispositions	
(Guba,	1981).		
Regarding	research	bias,	the	challenge	for	the	researcher	is	to	be	aware	of	the	potential	sources	
of	 bias	 and	 consider	 them	 during	 the	 research	 process.	 Thus,	 this	 research	 has	 also	 been	
influenced	 by	 the	 background	 and	 beliefs	 of	 the	 researcher.	 For	 example,	 the	 researcher’s	






applied	 to	 this	 PhD	 work	 and	 then	 described	 the	 mixed	 methods	 approach	 used	 for	 the	 data	
collection	 and	 analysis.	 The	 general	 data	 collection	 methods	 used	 in	 this	 research	 were	
investigation	 text,	 focus	 group,	 questionnaires,	 interviews,	 log	 files	 and	 researcher	 notes.	 The	
general	 data	 analysis	 methods	 used	 to	 analyse	 the	 collected	 data	 were	 thematic	 and	 content	
analysis,	graphs,	 social	network	analysis,	quantitative	metrics	and	clustering.	Each	of	 the	design	
studies	 focused	 on	 particular	 objectives,	 and	 appropriate	 tools	 were	 used	 for	 collecting	
information	 in	 order	 to	 answer	 the	 research	 questions.	 Thereupon,	 additional	 information	was	
given	 on	 how	 each	 method	 was	 applied	 to	 collect	 or	 analyse	 data,	 outlining	 ethical	 and	
methodological	consideration	during	the	research	process.	Then,	the	importance	of	validating	the	






Chapter	 4:	 Design	 Study	 1	 –	 Inquiring	
Rock	Hunters	Settings	and	Results	
4.1 Introduction		
This	 chapter	 describes	 ‘Inquiring	 Rock	 Hunters’,	 the	 first	 design	 study	 in	 this	 thesis	 and	 a	 first	
approach	to	explore	the	participation	of	citizens	in	investigations	about	rocks	through	the	Citizen	




summary	 of	 the	 important	 findings	 relating	 to	 the	 basic	 themes	 (motivation,	 inquiry,	






with	 geology	 scientists.	 This	meeting	 of	 citizens	with	 scientific	 investigation	 and	with	 scientists	
took	place	on	an	online	platform	called	nQuire	(Mulholland	et	al.,	2012)	which	supports	the	social	
nature	of	Citizen	Inquiry	and	provides	tools	to	support	both	the	investigation	and	communication	









two	 projects	 are	 of	 different	 types:	 GeoExposures	 requires	 participants	 to	 observe	 and	 collect	
data	while	 Fossil	 Finders	 includes	 the	additional	 component	of	 IBL	which	brings	 it	 closer	 to	 the	
‘Inquiring	 Rock	 Hunters’	 project.	 Although	 there	 are	 many	 citizen	 science	 and	 IBL	 projects	
(discussed	 in	 Chapter	 2),	 this	 section	 covers	 citizen	 science	 projects	 on	 Geology	 exclusively,	 as	
Geology	constitutes	the	theme	of	this	design	study.		
Many	 people	 consider	 rock	 and	 fossil	 collection	 as	 an	 enjoyable	 hobby	 and	 they	 enjoy	 gaining	
more	 information	about	their	 findings.	Citizen	science	projects	on	Geology	provide	citizens	with	
ways	 to	develop	 this	 interest	 in	geology	and	at	 the	 same	 time	contribute	 towards	 conserving	a	
diverse	geological	heritage	(British	Geological	Survey,	2015).	The	only	prerequisite	for	taking	part	









Geoexposures23	 is	 a	 recently-developed	 crowd-sourcing	 project.	 Citizens	 participating	 in	 this	
project	 report	 and	 upload	 pictures	 related	 to	 a	 geological	 site	 to	 the	 web-site	 by	 using	 their	










a	 landslide26),	 collecting	 samples	 (Volcano	 eruption	 ash	 collection27)	 or	 adding	 observations	
(mySoil28).	 Moreover,	 a	 School	 Seismology29	 project	 is	 available	 in	 which	 school	 children	 are	
taught	 how	 to	 detect	 signals	 from	 large	 earthquakes	 in	 the	 classroom	 by	 using	 a	 simple	
seismometer	system	and	to	exchange	data	with	other	schools.	
Scistarter,	 similarly,	makes	 available	 citizen	 science	 projects	 on	Geology	 that	 involve	 citizens	 in	
gathering	 data/pictures	 (Geo-Wiki	 Project30)	 mapping/gathering	 locations	 (OMEGA-LOCATE31),	
monitoring,	etc.	An	interesting	project	found	in	Scistarter	is	Fossil	Finders32.	
Fossil	 Finders	 (Figure	 10)	 is	 a	 collaboration	 between	 Cornell	 University	 and	 the	 Paleontological	
Research	 Institution	 (PRI)	 in	 Ithaca	 and	 it	 manages	 to	 combine	 a)	 authentic	 IBL	 within	 formal	
settings	 and	 b)	 collaboration	 among	 students	 and	 teachers	 with	 geology	 experts.	 It	 involves	
elementary	 and	 middle	 level	 students	 and	 their	 teachers	 in	 an	 authentic	 inquiry-based	
investigation	 of	 Devonian-aged	 fossils.	 The	 inquiry	 question	 for	 the	 project	 is	 given	 by	 the	
researchers	 as	 “How	 did	 the	 organisms	 in	 the	 shallow	 Devonian	 seas	 change	 in	 response	 to	
environmental	 changes?”	 and	 the	 students	 –	 guided	 by	 their	 teachers	 –	 have	 to	 identify	 and	
measure	fossils	in	rock	samples	sent	to	their	classrooms.	The	project	attempts	to	involve	students	
in	 learning	 about	 how	 science	 is	 done	 in	 the	process	 of	 learning	 science	 content-matter	 (Fossil	
Finders,	 2015).	 The	 project	was	 a	 comparative	 study	 between	 control	 (5	 control	 teachers,	 239	
students)	 and	 experimental	 groups	 (7	 Fossil	 Finders	 teachers,	 468	 students).	 The	 Fossil	 Finders	

















and	 post-survey	 addressed	 to	 students,	 measuring	mainly	 their	 interest	 in	 school	 science,	 and	
some	 follow-up	 interviews	with	 teachers	 and	 selected	 students.	After	 assessing	 the	 results,	 the	
importance	 of	 guidance	 in	 IBL	was	 highlighted	 as	 it	was	 found	 that	 the	 authentic	 investigation	
















Focusing	 on	 the	 main	 components	 of	 the	 research	 question,	 the	 following	 aspects	 were	
investigated,	addressing	the	following	issues:		
rq1	–	motivation:	The	first	step	for	rock	hunters	to	engage	 in	the	 investigations	was	to	 join	the	
community.	 Thus,	 the	 motivations	 for	 joining	 a	 Citizen	 Inquiry	 of	 rock	 investigations	 were	
researched.		
rq2	–	IBL:	This	aspect	explores	how	participants	engaged	with	the	inquiry	process.	To	this	end,	it	
was	 studied	whether	 the	 investigations	 had	 all	 of	 their	 phases	 complete,	 rock	 hunters	 from	all	
level	 of	 expertise	 published	 investigations,	 more	 expert	 participants	 used	 more	 geology-
specialised	words	in	their	investigations,	and	beginner	rock	hunters	found	it	more	difficult	to	form	
a	research	question	
rq3	 –	 collaboration:	 The	 ways	 that	 participants	 preferred	 interact	 is	 an	 important	 aspect	 of	 a	
community	that	promotes	collaboration.	Hence,	it	was	examined	whether	participants	preferred	
forum	or	chat	and	with	whom	they	opted	to	communicate	(science	experts	or	non-experts).		
rq4	–	mentoring:	Mentoring	 from	 science	experts	 to	non-experts	 is	 a	main	 challenge	 in	Citizen	
Inquiry.	 Therefore,	 the	 kind	 of	 help	 non-experts	 ask	 for	 and	 how	 they	 make	 use	 of	 it	 was	
researched.	Firstly,	the	influence	of	expertise	level	on	the	participants’	role	in	the	community	was	




rq5	 –	 inquiry-led	 environment:	 The	 nQuire	 platform	 (Section	 4.4)	 was	 the	 web-based	 inquiry	
environment	that	hosted	Inquiring	Rock	Hunters.	An	issue	to	investigate	was	the	effectiveness	of	












The	 nQuire	 platform	was	 first	 used	 to	 support	 Citizen	 Inquiry	with	 the	 development	 of	 ‘Moon	
Rock	 Explorer’,	 a	 prototype	 system	 and	 activity	 on	 the	 Geology	 of	 Moon	 Rocks	 (Villasclaras-
Fernandez	et	al.,	2013).	The	Moon	Rock	Explorer	offered	the	participants	the	opportunity	to	use	a	









Moon	Rock	Explorer	reduced	the	number	of	 inquiry	phases	used	 in	the	Personal	 Inquiry	project	
from	eight	to	six,	merging	the	answer	to	the	question,	the	discussion	and	the	reflection	 into	one	
phase.	The	six	phases	were:	Introduction,	Decide	my	question,	Plan	my	method,	Collect	my	data,	
Analyse	 my	 data,	 Decide	 my	 conclusions.	 The	 participants	 had	 access	 to	 high	 resolution	
microscope	 images	of	 the	moon	rock	samples,	asked	questions	 related	to	 the	samples,	planned	
the	measurement	method,	collected	data	via	the	Virtual	Microscope,	visualised	and	analysed	the	
data	 through	 graphs	 and	 published	 their	 findings	 through	 the	 forum.	 For	 this	 purpose,	 a	 new	
version	 of	 nQuire	 was	 developed	 by	 Villasclaras-Fernandez	 that	 allowed	 for	 the	 absence	 of	 a	
teacher,	by	providing	more	informational	text	to	the	inquiry	phases	and	allowing	the	participants	























Investigations	 published	 manually	 by	 the	




The	 design	 had	 intention	 to	 include	 in	 the	
project	 participants	 of	 different	 levels	 of	
expertise	
The	platform	included	the	Virtual	Microscope	




Apart	 from	 the	 informational	 text	 on	 each	
activity,	 there	 was	 also	 an	 image/text	 tutorial	
along	with	a	video	given	to	the	participants	
Communication	was	through	the	forum	
Apart	 from	 the	 forum	 threads,	 chat	 and	




4.6).	 In	 the	 following	 section	 there	 is	 a	more	 detailed	 description	 of	 the	 nQuire	 tools	 and	 how	
these	are	used	to	support	aspects	of	Citizen	Inquiry,	such	as	IBL,	communication	and	mentoring.	
4.4.1 Home	page	









Also,	 the	menu	 on	 the	 left	 gives	 access	 directly	 to	 the	Geology	 inquiry	 and	 the	 recently	 active	
forum	topics	 (Figure	13).	The	home	page	provides	 some	 information	giving	help	on	how	to	use	
the	nQuire	platform	and	the	inquiry.		
4.4.2 Inquiry	creator	
An	 inquiry	 authoring	 tool	 (Figure	 14)	 was	 developed	 within	 the	 nQuire	 toolkit	 (Villasclaras-






The	 authoring	 tool	 in	 addition	 to	 producing	 phases,	 activities	 and	 their	 instructions,	 is	 used	 to	
determine	the	collaboration	level	for	each	activity	(individual,	in	group,	all	together).	In	this	study,	
the	activities	were	performed	individually	as	the	time	limit	of	the	first	design	study	did	not	allow	
space	 for	collaborative	 investigations.	For	 the	same	reason,	all	 the	activities	were	carried	out	 in	
one	chronological	stage,	with	all	 the	activities	being	active	and	accessible	throughout	the	whole	





questions	and	methods	planned	by	 the	 learners	 (Sharples	&	Anastopoulou,	2012).	 In	online	 IBL	
the	role	of	the	teacher	is	transferred	to	computer	systems	that	provide	this	guidance	and	support	
the	learners	through	a	structured	process	(Linn	&	Slotta,	2013).	The	nQuire	platform	supports	the	
learners	 in	 managing	 their	 investigation	 through	 a	 Citizen	 Inquiry	 support	 system	 (Villasclaras-
Fernandez	et	al.,	2013)	to	which	amateur	geologists	have	access	through	the	inquiry	diagram.	
The	 inquiry	diagram	 (or	 inquiry	 learning	 framework)	 is	one	of	 the	 important	 features	of	nQuire	
and	 is	 the	 graphical	 representation	 which	 conveys	 the	 cyclical	 sequence	 of	 the	 inquiry	 phases	
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and	 describe	 the	 background	 of	 their	 investigations	 as	 they	 are	 the	 owners	 of	 their	
investigation.	Some	theme	examples	are:	fossils,	earthquakes,	rocks	of	different	colours,	
rock	hardness,	minerals,	etc.	




• Plan	my	method:	 This	 phase	 is	 to	 plan	 a	method	 of	 investigation	 and	 then	 choose	 the	
tools	 and	measures	 the	 users	 are	 going	 to	 use	 for	 their	 investigation.	 nQuire	 provides	
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• Collect	my	 data:	After	 deciding	 the	methods,	 tools	 and	measures	 they	want	 to	 use	 for	
their	 investigation,	 users	 can	 find	 their	 choices	 available	 in	 this	 phase	 through	 the	









The	 participants	 can	 access	 the	 diagram	 at	 any	 point	 in	 their	 investigation.	 All	 the	 phases	 are	
interconnected,	 thus,	 users	 can	 lead	 their	 own	 investigations,	 guided	 by	 the	 scientific	 process	
given	 in	 the	 diagram.	 Also,	 they	 can	 visit	 and	 re-visit	 all	 the	 phases	 at	 any	 time,	 refining	 their	
investigations	(Villasclaras-Fernandez	et	al.,	2013).	For	the	navigation	within	the	activities,	there	is	
also	a	menu	available	on	the	left	(Figure	17)	giving	the	proposed	order	of	the	phases	and	activities	
in	 detail.	 This	 inquiry	 diagram	 is	 the	 scaffolding	 tool	 that	 allows	 the	 participants	 to	 design	 and	






with	 the	 other	 people	 involved	 in	 conducting	 the	 inquiry.	 Sharing	 of	 results	 is	 considered	 a	
significant	part	of	Citizen	Inquiry	as	it	provides	learners	the	opportunity	to	give	and	receive	some	
































their	 investigations	 or	 to	 gain	 more	 knowledge	 through	 other	 participants’	 discussions.	 Thus,	
learners	 build	 shared	 understanding	 while	 engaging	 and	 collaborating	 and	 sharing	 common	
resources	 (links,	 text,	 video,	 pictures)	 in	 forum	 discussions	 (McCann,	 2009).	 Also,	 the	 forum	
provides	the	flexibility	for	the	users	to	reply	when	they	have	free	time.	They	have	more	time	to	



















• 	‘How	 to	 publish	 my	 investigation’:	 video	 available	 at	
http://www.youtube.com/watch?v=78eUanIJjkI	
• 	‘Useful	websites’:	available	on	the	Geology	Forum	http://www.nquire.org.uk/node/1134		



























The	time	allocated	 for	 the	pilot	 study	was	not	 to	exceed	eight	days	and	so	 the	 five	participants	
received	 a	 compact	 email	 including	 the	 tutorial,	 the	 invitation	 to	 the	 nQuire	 platform,	 the	
questionnaires	and	the	online	focus	group.	It	should	be	noted	that	a)	one	expert	was	added	as	6th	
participant	in	case	some	support	was	needed	in	the	investigations;	b)	the	participants	were	not	in	



















expert	 (29%)	 while	 Online	 Chat	 had	 no	 votes	 and	 one	 of	 the	 participants	 indicated	 “mails	 or	
tweets”	 as	 the	most	 preferable	way.	 Some	 reasons	 the	 participants	 gave	 for	 their	 preferences	
were:	“I	like	having	contact	that	is	not	linked	to	specific	times”,	“I	prefer	the	forum	communication	
because	more	people	can	see	the	answers	and	they	can	participate	in	the	discussions”	and	“I'd	like	
to	 know	 an	 expert	was	 available	 for	 technical	 questions,	 but	 gather	 the	 purpose	 of	 an	 inquiry-












tool	would	be	able	 to	have	 location	based	 information	practically	 linked	 to	uploaded	 (metadata	




The	 results	 from	 SUS	 showed	 that	 the	 usability	 of	 the	 nQuire	 platform	 reached	 an	 average	 of	


























• An	 ‘Active	 forum	topics’	menu	was	added	on	 the	 left	of	 the	page,	 showing	 the	 recently	
active	topics	on	forum.	
• The	 ‘Forums’	 layout	was	 changed	 to	maintain	 the	 chronological	 order	 in	 the	 posts	 and	
take	less	space	for	every	post.	Also,	an	“uploading	picture”	feature	was	added.	









The	 final	 number	 of	 participants	 in	 Inquiring	 Rock	 Hunters	 was	 24.	 The	 participants	 registered	
with	the	nQuire	platform	and	got	involved	with	their	investigations	by	using	the	inquiry	diagram.	
The	 study	 lasted	 for	 three	 weeks	 and	 twelve	 investigations	 were	 published.	 The	 two	
questionnaires	were	filled	in	during	the	third	week	of	the	project	with	some	time	extension	of	one	
week.	Questionnaire	A	collected	data	for	all	the	four	aspects	of	the	project	(Inquiry,	Collaboration,	
Mentoring	 and	 Software);	 System	 Usability	 Scale	 (SUS)	 provided	 information	 about	 the	
effectiveness,	usability,	usefulness	and	desirability	of	 the	nQuire	platform.	After	 the	official	day	
the	study	ended,	an	online	focus	group	took	place	at	Hangouts	on	Air.	However,	only	two	people	
were	 available	 to	 attend	 the	 discussion	 so	 extra	 invitations	 for	 private	 online	 or	 face-to-face	






















Different	 colours	on	 the	numbers	 symbolise	 the	different	 levels	of	 expertise	of	 the	participants	
(based	on	the	questionnaire	 responses).	The	blue	colour	 indicates	 the	expert,	 the	brown	colour	
the	intermediate	and	the	green	colour	the	beginner	level	of	expertise.	The	participants	23	and	24	
did	not	fill	in	the	questionnaire	and	their	level	of	expertise	is	unknown.	However,	according	to	the	
information	 they	gave	on	 their	application	and	 the	 justifications	 the	other	participants	gave	 for	










arrow	 is	 the	 person	who	 provided	 help	 and	 the	 number	 which	 the	 arrow	 is	 pointing	 at	 is	 the	
person	that	received	help.	The	blue	arrows	outside	the	circle	pointing	towards	the	numbers	show	




and	 pointing	 to	 the	 outer	 space	 show	 the	 help	 provided	 to	 other	 rock	 hunters	 by	 these	














Three	messages	were	published	under	 the	 investigations	 (e.g.	 Figure	26).	 The	expert	 geologists	








This	 study	 focuses	 on	 the	 improvement	 and	 support	 of	 Citizen	 Inquiry	 and	 the	 findings	 of	 this	
study	relate	 to	 the	main	research	question:	“How	can	citizens	engage	 in	 inquiry-based	 learning	
through	peer	collaboration	and	mentoring	by	experts	within	informal	settings?”	
The	 ‘Inquiring	 Rock	 Hunters’	 project	 had	 twenty	 four	 participants	 registered	 with	 the	 nQuire	
platform:	 six	 expert,	 nine	 intermediate	 and	 nine	 beginner	 rock	 hunters.	 The	 experts	were	 PhD	
students	or	researchers	from	the	OU	Geology	Department,	the	intermediates	were	mainly	people	
attending	Geology	modules	or	holding	a	BSc	in	Geosciences	and	the	beginners	were	mostly	either	
hobbyists	who	 are	 fond	 of	 travelling	 and	 looking	 at	 nature	 or	 people	 interested	 in	 educational	
technology	or	citizen	science.		





A	 survey	question	was	 administrated	 to	 find	out	what	 stimulated	 the	participants	 to	 take	part.	
The	 results	 revealed	 the	 reasons	why	 the	 rock	 hunters	 participated	 as	 volunteers	 in	 this	 study	
(Figure	27).	No	reward	was	offered	for	their	contributions	to	the	project.	
The	 rock	 hunters	 were	 mostly	 driven	 by	 personal	 incentives	 (blue	 –	 60%)	 to	 take	 part	 to	 the	
project	(e.g.	geology	and	geological	fieldwork,	learning	about	science,	PhD	projects	and	other	new	
things,	having	fun).	Curiosity	(orange	–	23%)	could	also	be	considered	as	personal	incentive,	but	in	
the	 pie	 chart	 it	 is	 shown	 separately	 to	 give	 emphasis	 to	 the	 specific	 type	 of	 curiosity	 the	
participants	 had	 (e.g.	 pedagogical	 curiosity,	meeting	 people	 from	other	 countries,	 checking	 out	

























































Beyond	 the	 personally-focused	 reasons,	 some	 participants	 had	 the	 intention	 to	 offer	 their	
knowledge	 or	 to	 add	 their	 input	 to	 a	 study	which	 they	 considered	 to	 be	 a	 contribution	 to	 the	
society	and	science	 (grey).	These	motivations	amount	 to	17%	of	 the	 total	and	are	comprised	of	
informing	people,	contributing	to	science	and	filling	the	gap	between	science	and	society.	
4.8.2 Inquiry-based	Learning	
Of	 the	 twenty	 four	 participants,	 half	 (12)	 published	 an	 investigation	 on	 rocks.	 The	 published	
investigations	were	created	by	beginner	(7)	and	intermediate	(5)	rock	hunters,	while	none	of	the	
experts	published	an	investigation	(four	out	of	six	experts	did	not	create	an	investigation).		




In	 the	 list	 of	 the	 published	 investigations,	 there	 are	 seven	 completed	 (i.e.	 those	 including	
conclusions)	 and	 five	 incomplete.	 However,	 only	 five	 of	 them	 have	 all	 the	 inquiry	 phases	
completed	 as	 the	 ‘analyse	 my	 data’	 phase	 was	 skipped	 most	 of	 the	 time.	 Of	 the	 incomplete	
investigations,	 two	of	 the	 investigation	owners	had	 received	 feedback	 and	 found	 their	 answers	
through	the	forum,	but	they	did	not	add	their	analysis	and	conclusions	to	their	investigations.	An	
explanation	 given	 by	 an	 interviewee	 for	 not	 finishing	 their	 investigation	was	 “I	 didn’t	 finish	my	
investigation	 because	 of	 lack	 of	 time”	 (RH.	 20)	which	 appears	 to	 be	 the	main	 reason	 given	 for	
many	 other	 incomplete	 tasks	 and	 activities	 (e.g.	 not	 participating	 in	 forums,	 not	 finding	 more	








methods	 (e.g.	 “test	 with	 dilute	 HCI”,	 “collate	 graphic	 logs	 of	 the	 area”)	 and	 provide	 better	




reach	 to	 the	 conclusion”	 (RH.	 16)	 as	 well	 as	 the	 way	 the	 inquiry	 framework	 helped	 them	 to	
“organize	the	material”	(RH.	9),	which	they	reported	to	be	difficult	to	do	alone	because	of	lack	of	
time.	
In	 Table	 15,	 the	 white-coloured	 users	 represent	 the	 beginner	 rock	 hunters	 and	 the	 light	 blue-
coloured	 users	 the	 intermediate	 ones.	 The	 results	 took	 into	 account	 the	 background	 of	 the	
participants	 and/or	 the	 type/length	 of	 the	 investigation.	 The	 conclusions	 from	 the	 vocabulary	
analysis	 indicate	 that	 the	 use	 of	 scientific	 geology-based	 vocabulary	 is	 subject	 to	 the	 data	
collection	sources,	the	length	of	the	text,	the	type	of	the	investigation	(e.g.	literature,	field-work,	
rock	 identification),	 the	 level	 of	 geology	 expertise,	 the	 background	 of	 the	 researcher	 and	 the	
completion	status	of	the	investigation.		
Table	15:	Frequency	of	Geology	terms	
Number	 Rock	Hunter	 Count	of	Geology	words	 Single	words	
1	 RH.	9	 48	 18	
2	 RH.	8 53	 17	
3	 RH.	11 21	 10	
4	 RH.	13 18	 10	
5	 RH.	6 14	 9	
6	 RH.	4 16	 6	
7	 RH.	7 4	 3	
8	 RH.	16 7	 3	
9	 RH.	18 16	 3	
10	 RH.	21 5	 3	
11	 RH.	22 5	 3	







































All	 the	 words	 are	 related	 either	 to	 geology	 (“rock”,	 “mountain”,	 “earth”,	 etc.)	 or	 words	 that	





the	 investigation	 publishers	 did	 not	 answer	 back	 so	 there	 was	 no	 follow-up	 discussion.	 One	
possible	 reason	 is	 that	 participants	 were	 not	 notified	 that	 somebody	 had	 viewed	 and	 given	
feedback	on	their	published	investigation.	However,	two	of	the	interviewees	said	that	“I	have	had	
only	 a	 brief	 look	at	 one	or	 two”	 (RH.	 6)	 and	 “Yes,	 but	 there	were	not	many	 there	 -	 only	 7	with	
notes,	 8	 with	 questions,	 7	 with	methods,	 and	 4	with	 data.	 Only	 3	 analysed	 their	 data	 and	 put	
conclusions	up”	(RH.	11).	
4.8.3 Collaboration	




supporting	 the	use	of	 the	 latter	are	 clustered	 into	 the	 following	 themes:	“precious	experience”,	
“direct	 and	 creative	 guidance”	and	 “clear	 points	 and	 statements”.	Through	 these	 experts	 could	
enable	non-experts	to	spend	“less	time	on	web	searching”	or	“bibliography	reading”.	However,	a	





rock	hunters,	56%	had	 forum	as	 their	only	 communication	preference.	One	of	 the	 interviewees	
said	“the	forums	and	the	 interactions	within	 it	were	really	useful”	(RH.	7)	but	on	the	other	hand	
another	 interviewee	 said	 “I	 tried	 the	 forum	 but	 there	 was	 not	 much	 action”	 (RH.	 11).	





Data	 from	 the	 questionnaire	 and	 interviews	 suggest	 that	 rock	 hunters	 who	 have	 used	 or	 they	
would	 prefer	 to	 use	 chat	 would	 use	 it	 either	 to	 get	 help	 in	 planning	 their	 inquiry	 method	 or	





was	 not	 online	 at	 that	 moment.	 Based	 on	 this,	 a	 focus	 group	 interviewee	 suggested	 the	
integration	of	“personal	messages”	to	make	it	possible	to	“contact	people	even	when	they	are	not	
available	on	the	chat”	(RH.	6).	
Another	 suggestion	 by	 an	 interviewee	was	 the	 integration	 of	 video	 and	 teleconferences	 to	 the	
platform	as	a	more	interactive	way	to	communicate	with	the	other	rock	hunters:	“Somebody	may	




the	 nQuire	 platform	 logs	 reveals	 that	 intermediate	 users	 were	 socially	 inactive	 (with	 one	







completed	 a	 BSc	 or	 BSc	 Hons	 on	Geosciences,	 Geology	 or	 Natural	 Science,	 and	 six	 studied/are	









The	 level	 of	 rock	 hunters’	 expertise	 also	 appears	 to	 affect	 the	 role	 that	 they	 take	 within	 the	
project.	 From	 the	 interactions	 on	 the	 nQuire	 platform,	 it	 is	 noticeable	 that	 the	 dominant	
interactions	are	those	between	experts	and	beginners.	The	beginners	tended	to	ask	questions	and	
the	experts	were	 the	ones	 to	answer.	Experts	assigned	 to	 themselves	 the	 ‘mentor’	 role	as	 they	
are	willing	 to	give	 feedback	 to	 the	participants	of	 lower	expertise	and	also	 they	did	not	publish	
any	 investigation.	Conversely,	beginners	exploited	experts’	guidance	and	kept	posting	questions	
on	the	forums.	Beyond	the	two	different	roles	of	mentors	and	the	ones	who	received	help,	there	
was	 also	 one	more	 role,	 not	 that	 active,	 adopted	 by	 the	 intermediate	 rock	 hunters	 who	were	
quite	 discreet	 regarding	 their	 collaboration	 with	 other	 participants.	 Therefore,	 although	 more	
than	 half	 of	 that	 group	 had	 published	 investigations,	 only	 one	 had	 posted	 on	 the	 forums	
something	 related	 to	 technical	 issues.	Consequently,	 it	may	be	assumed	 that	 intermediate	 rock	
hunters	 count	 on	 their	 own	 knowledge	 to	 conduct	 their	 investigation	 or	 they	 are	 reluctant	 to	
share	results	that	may	be	incorrect	or	incomplete.		
However,	 based	 on	 the	 survey	 results,	 not	 only	 the	 beginners	 but	 also	 the	 intermediate	 rock	
hunters	 indicated	 they	 had	 received	 help	 during	 their	 investigations.	 This	may	 be	 help	 coming	
from	the	online	chat	or	from	a	source	outside	the	nQuire	platform.	This	conjecture	 leads	to	the	
question	 of	whether	 the	 nQuire	 community	was	 the	main	 source	 for	 help.	 As	 shown	 from	 the	
survey	 results	 all	 the	 choices	 indicate	 sources	 located	 in	 or	 related	 to	 the	 nQuire	 platform.	
However,	after	examining	the	investigations,	other	sources	come	into	view	such	as	several	web-












In	 some	 of	 the	 interviews	 the	 responses	 suggested	 there	 were	 some	 gaps	 regarding	 the	
collaboration	 part	 of	 the	 project.	 In	 the	 focus	 group,	 the	 interviewees	 agreed	 that	 they	 had	
thought	they	would	have	had	some	better	communication	with	expert	geologists:		






























a	number	of	participants	and	answer	 their	questions	on	a	personal	 level.	Another	suggestion	 in	
relation	 to	 the	 visibility	 of	 experts	 and	 level	 of	 expertise	 by	 a	 survey	 respondent	 is	 the	 use	 of	
rating	 and	 badges	 where	 “the	 experts	 could	 vote	 on	 each	 investigation	 and	 according	 to	 the	











write	your	problems	even	 if	you	are	not	 familiar	with	 rocks”	 (RH.	21).	The	 inquiry	 results	aspect	
was	also	seen	as	important:	“I	liked	the	Inquiry	results	aspect.	Because	at	the	end	of	my	research	I	




According	 to	 Sauro	 (2011),	 who	 has	 reviewed	 500	 SUS	 evaluations	 from	 over	 5000	 users,	 the	











The	 SUS	 result	 can	 also	 be	 compared	with	 a	 score	 of	 66.5%	 reported	 by	 the	 users	 of	 the	 pilot	
study	from	an	earlier	version	of	the	platform,	but	the	difference	between	the	two	scores	can	be	








the	tutorial,	 they	found	 it	easy	to	use:	“without	the	tutorial	 I	would	understand	a	bit	by	 looking	
around.	But	my	investigation	would	be	really	basic	and	I	would	be	searching	around	all	the	time.”	







According	 to	 the	 survey	 results	 and	based	on	 the	nQuire	platform	observations,	 the	most	used	
tools	were	the	image	upload	tool,	the	maps	and	the	notebook.	There	were	not	many	suggestions	
in	the	survey	responses	on	what	other	tools	could	be	added	to	the	platform	or	how	to	 improve	
the	 existing	 tools	 but	 some	 of	 the	 suggestions	 included	 microscopes,	 an	 integrated	 rock	
identification	key,	a	guide	for	beginners,	a	list	with	all	the	tools	and	also	the	option	to	add	PDFs,	
videos	 or	 your	 own	 tools.	 However,	 some	 of	 the	 participants	 requested,	 during	 the	 project,	
whether	 uploading	 a	 video	 is	 feasible.	 When	 they	 received	 a	 negative	 response,	 they	 either	
uploaded	more	pictures	or	added	the	video	as	a	link:	“I	wanted	to	add	a	video	but	I	couldn’t,	this	




Some	 of	 the	 general	 suggestions	 mentioned	 in	 the	 survey	 responses	 for	 improving	 the	







from	 participating	 in	 this	 study.	 One	 rock	 hunter	 did	 not	 gain	 anything	 and	 some	 others	







Some	 examples	 of	 the	 things	 participants	 learned	 are	 as	 follows:	 the	 different	 forms	 of	 rock	
transformation,	that	there	is	a	specific	route	to	conduct	an	investigation,	how	and	what	to	look	at	
the	rocks	 in	order	 to	 identify	 them,	how	to	organise	data,	and	where	to	 look	 for	 resources.	For	
instance:		





Some	 other	 participants	 gained	 knowledge	 about	 local	 (e.g.	 the	 geology	 of	 a	 coast)	 and	 daily	
geology	(e.g.	shampoos	are	made	of	minerals).	Furthermore,	a	couple	of	responses	were	related	
to	being	a	part	of	the	nQuire	community	and	collaborating	with	new	people	(e.g.	“learning	about	
rocks	 can	 be	 fun”).	 Finally,	 an	 expert	 survey	 respondent	 indicated	 their	 introduction	 with	 the	





















For	 this	 reason,	 this	 section	 presents	 some	 implications	 and	 observations	 from	 this	 study	 that	
influenced	the	next	phase	of	the	design.	
4.9.1 Motivations	
Rock	 hunters	mainly	 joined	 the	 projects	 due	 to	 personal	motivations.	 Because	 the	 project	was	
advertised	as	a	place	where	people	could	learn	more	about	rocks	 in	a	fun	way	and	answer	their	





researchers,	 and	 a	 number	 of	 intermediate	 rock	 hunters	 attended	 OU	 modules	 in	 which	 the	
project	 was	 advertised.	 However,	 there	 is	 not	 much	 information	 about	 the	 beginners’	
background.	Therefore,	a	suggestion	is	
• to	 survey	 where	 the	 participants	 learned	 about	 the	 community.	 This	 would	 provide	














completion	status	which	mapped	progress,	decreased	 in	 later	 inquiry	phases.	This	suggests	 that	
the	participants	may	have	needed	more	help	in	more	advanced	stages	of	the	investigation.	Also,	








expertise.	 Investigations	 published	 by	 experts	 would	 have	 been	 useful	 examples	 for	 the	 other	
participants	 to	 follow	 but	 unfortunately	 none	 of	 them	 offered	 that	 chance.	 However,	 it	 is	
infeasible	to	confirm	whether	they	had	conducted	an	investigation	and	how	far	they	went	with	it,	
as	publishing	 the	 investigation	was	not	mandatory.	 This	 again	 suggests	 the	need	 for	more	 time	
and	guidance	on	the	inquiry	process	in	addition	to	the	following	suggestion:	
• to	 ask	 experts	 to	 conduct	 and	 publish	 scientific	 investigations,	 not	 only	 for	 giving	 an	



















of	 participants	 on	 the	 platform	 (Section	 4.8.3).	 Some	 of	 the	 participants’	 comments	 regarding	
problems	 of	 online	 chat	 sparked	 some	 new	 ideas	 in	 relation	 to	 the	 addition	 of	 new	means	 of	
communication	on	the	platform.	The	main	idea	is	
• to	create	personal	profiles	 for	 the	users	 that	will	offer	 the	 function	of	 sending	personal	
messages	to	specific	participants.	That	feature	will	help	to	overcome	the	problem	of	the	
synchronous	 presence	 on	 the	 platform	 and	 at	 the	 same	 time	 will	 keep	 the	 discussion	
private.		
In	addition	 to	 that,	an	 idea	 for	boosting	 the	“action”	 (as	 it	was	called	by	an	 interviewee)	 in	 the	
forums	was	 to	publish	 the	 investigation	on	a	 specific	 forum	category	 so	 it	will	 be	viewable	and	
more	 accessible	 by	 all	 the	 participants.	 The	 idea	 of	 publishing	 the	 investigations	 on	 a	 separate	







Another	 thing	 that	 would	 improve	 the	 communication	 and	 increase	 the	 rock	 hunters’	
participation	on	both	forums	and	investigations	would	be	the	addition	of	a	reputation	system,	as	
suggested	 by	 an	 interviewee.	 This	would	work	 as	 a	motivation	 for	 them	 to	 collect	 badges	 and	
improve	their	‘status’	on	the	platform.	
4.9.4 Mentoring	
As	mentioned	 in	previous	sections,	 the	role	assigned	to	each	 level	of	expertise	had	a	significant	
impact	 on	 their	 behaviour	 on	 the	 platform.	 Therefore,	 the	 experts	 took	 over	 the	 role	 of	 the	
mentor,	 as	 it	 was	 expected,	 as	 they	 were	 invited	 to	 the	 project	 as	 experts.	 Their	 role	 was	
distinctive,	 in	 comparison	 to	 the	 other	 participants	 who	 joined	 the	 study	 without	 labelling	
themselves	in	advance.	The	drawback	of	the	experts’	behaviour	was	that	they	assumed	they	were	











• to	ask	the	experts	 to	welcome	people	 in	person	and	 let	 them	know	they	can	have	their	
help;	
• to	create	groups	based	on	themes	having	one	leader-expert	which	the	participants	will	be	
able	 to	 join	according	 to	 their	preferences	and	their	 investigation	topic,	and	boost	 their	
self-confidence	through	some	informative	discussions	with	the	experts.	
In	 addition	 to	 the	 mentoring	 provided	 by	 the	 science	 experts,	 it	 was	 quite	 notable	 that	 the	
participants	were	also	seeking	help	regarding	technical	 issues	and	they	were	unhappy	that	 they	
had	 to	 use	 a	 tutorial	 alongside	 the	 platform.	 Suggestions	 for	 the	 supporting	 of	 this	 type	 of	
mentoring	are:	
• to	add	more	instructions	available	next	to	the	tools	and	every	task;	
• to	 highlight	 the	 technology	 experts	 or	 the	 moderator	 of	 the	 platform	 as	 to	 be	 more	
identifiable	by	the	participants.	
The	above	changes	aim	to	make	the	community	stronger	and	more	sufficient	and	the	participants	
more	 ‘secure’	and	self-confident	within	 it	and	as	a	result	 to	decrease	seeking	help	from	outside	
the	community.		
4.9.5 nQuire	Platform	and	Tools	
The	 nQuire	 platform	 or	 any	 other	 platform	 used	 for	 the	 implementation	 of	 a	 Citizen	 Inquiry	
project	should	constitute	an	effective	inquiry-based	environment	able	to	support	the	creation	and	
planning	 of	 investigations,	 collaboration	 with	 other	 participants	 and	 seeking/receiving	 help	
interactions.	 This	 section	 offers	 some	 recommendations	 for	 the	 development	 of	 the	 nQuire	
platform	based	on	 the	 feedback	 and	 the	 recommendations	 for	 improvement	 given	by	 the	 rock	










with	 the	platform.	This	means	 that	 rock	hunters	have	 to	keep	both	windows	open	at	 the	 same	
time	 and	 search	 for	 the	 tutorial	 every	 time	 they	 visit	 the	 platform.	 To	 avoid	 that,	 some	
suggestions	are	that	
• the	 instructions	 to	 be	 incorporated	 in	 the	 nQuire	 platform	 instead	 of	 using	 a	 separate	
tutorial	document.	For	instance,	the	tutorial	may	be	within	the	inquiry	framework	with	a	
link	along	with	the	task;	





• the	 use	 of	 rating	 and	 badges	 in	 order	 to	 add	 the	 element	 of	 reputation	 and	 expertise,	
allowing	the	rock	hunters	to	receive	marks	and	gain	a	more	‘mature	researcher’	role	on	
the	platform;		







the	 platform.	 Thus,	 it	 is	 important	 that	 nQuire	 in	 the	 future	 will	 be	 able	 to	 provide	 the	
investigators	 with	 more	 supplies	 and	 sustain	 their	 participation	 on	 the	 platform.	 Some	
suggestions	are:	
• the	 integration	of	 geology-related	 tools,	 such	as	 a	microscope,	 a	 rock	 identification	 key	
and	a	guide/wizard	for	beginner	rock	hunters;	











Both	 of	 the	 suggestions	 may	 require	 the	 creation	 of	 personal	 profiles,	 as	 mentioned	 in	 the	
previous	 section,	 that	 would	 link	 the	 personal	 and	 forum	 unread	 messages	 to	 a	 specific	
participant.		
Investigations	and	Inquiry	Results	











be	 a	 central	 screen	 like	 a	 news	 feed	 page,	 or	 a	 post	 in	 a	 forum	 as	 in	 the	Moon	 Rock	
Explorer	(Villasclaras-Fernandez	et	al.,	2013).		
4.9.6 Rock	Hunters	Experience	
The	 self-reported	 knowledge	 of	 participants	 showed	 that	 they	 enhanced	 their	 science	 learning	
and	 knowledge	 about	 the	 specific	 field	 of	 geology.	 Guiding	 them	 through	 the	 inquiry	 process	





community	 experience	 and	 fun.	 Consequently,	 a	 recommendation	 that	 may	 improve	 the	
community	experience	and	increase	participants’	satisfaction	could	be	
• gamification	 techniques,	 such	 as	 badges	 (as	 mentioned	 in	 Section	 4.9.5),	 competitions	
and	awards;	
• to	 enhance	 the	 collaboration	 and	 communication	 between	 the	 participants	 with	 the	





In	 this	 section	 there	 are	 some	 final,	 general	 observations	made	 by	 the	 researcher	 that	 are	 not	
entirely	based	on	the	data	analysis	findings,	rather	from	her	role	within	the	community	and	some	
informal	comments	by	the	participants:	





• The	participants	were	mostly	 recruited	 from	OU	modules	on	Geosciences	and	access	 to	
their	 Facebook	 groups	 provided	 by	 the	 OU	 Geological	 Society	 chair-woman	 was	 really	
useful.	 Even	 though	 it	 was	 thought	 that	 many	 participants	 will	 be	 recruited	 via	 the	
Geocaching	community,	none	of	its	members	joined	the	project.	
• The	 presence	 of	 six	 experts	 in	 the	 project	was	 due	 to	 a	 targeted	 email	 sent	 to	 the	OU	
Geological	department.	Otherwise	the	project	would	have	had	just	a	single	active	expert.	
• The	project	 ran	 for	a	short	 time	 (three	weeks)	and	many	participants	may	have	wanted	
more	time	to	finish	their	investigations.	
• May	 is	a	good	month	for	geology,	but	this	 is	both	beneficial	and	harmful	 to	the	 level	of	
participation:	many	of	the	expert	geologists	were	away	on	field	trips	for	most	of	the	time.	





Taking	 into	 consideration	 the	 above	 list	 and	 based	 on	 findings	 suggestions	 presented	 in	 this	
section,	 the	 next	 project	 on	 Citizen	 Inquiry	 was	 designed	 to	 give	 a	 better	 support	 to	 the	
152	
	




The	 Inquiring	 Rock	 Hunters	 project	 aimed	 to	 facilitate	 citizens	 to	 conduct	 their	 own	 rock	
investigations	in	collaboration	with	geology	scientists.		




experience	 people	 gained	 through	 their	 participation.	 The	 nQuire	 platform	 facilitates	 inquiry-
based	 investigations	 whilst	 providing	 opportunities	 for	 social	 interactions	 and	 therefore	 it	 was	
chosen	 to	 accommodate	 Inquiring	 Rock	 Hunters.	 nQuire	 supplied	 the	 Rock	 Hunters	 with	 an	
inquiry	framework	with	the	appropriate	 inquiry	phases,	the	option	to	publish	their	 investigation	
and	to	send/receive	feedback.		
Rock	 hunters	 were	 recruited	 through	 advertisement	 on	 web-pages	 of	 education,	 geology	 or	
citizen-science	interest.	A	targeted	email	was	also	sent	to	geology	scientists	to	invite	them	to	offer	
their	expertise	 to	 the	project.	The	participants	were	given	tutorials	and	 instructions	of	different	
types	 (videos,	 text,	 etc.)	 to	 get	 familiarised	 with	 the	 platform	 and	 the	 tools.	 Moreover,	 an	
exemplar	 investigation	 facilitated	 them	 to	 understand	 how	 to	 start	 and	 what	 to	 add	 in	 each	
inquiry	phase.	Prior	to	the	launch	of	the	project,	a	pilot	study	took	place.	The	participants	of	the	
pilot	 study	 provided	 feedback	 on	 the	 functionality	 of	 the	 nQuire	 tools,	 the	 instructions	 and	
tutorials,	 the	 forum	 topics	 and	 the	 questionnaire.	 The	 detection	 of	 some	 bugs	 and	 the	





rocks.	 Half	 of	 the	 participants	 created	 investigations	 on	 rocks,	 and	 more	 than	 half	 of	 the	
investigations	were	complete.	The	phase	of	data	analysis	was	left	incomplete	by	the	rock	hunters	
who	 did	 not	 finish	 their	 investigations.	 Beginners	 used	 text	 from	 geology-related	 sources	
increasing	their	geology-specialised	vocabulary.	Only	 three	 investigations	received	 feedback	and	
there	was	 no	 follow-up	 discussion.	 However,	 there	was	 some	 discussion	 on	 the	 forum,	mainly	
between	beginners	and	experts,	with	‘question	to	expert’	being	the	most	preferred	forum	thread.	
The	roles	within	the	project	were	very	discrete,	with	beginners	seeking	for	help,	experts	providing	
them	with	 guidance	 and	 intermediates	 being	 less	 socially	 active.	 The	 nQuire	 platform	was	 not	
found	 easy	 to	 use	 without	 the	 tutorial	 and	 it	 was	 suggested	 by	 the	 participants	 that	 the	
instructions	were	integrated	in	the	platform.	Additionally,	there	were	requests	for	including	tools	
necessary	for	data	collection	and	analysis	for	geology	investigations.	Finally,	participants	gained	a	
wide	 range	 of	 experience,	 from	 new	 scientific	 knowledge	 –	 knowledge,	 methods,	 tools	 –	 to	
getting	involved	in	a	fun	and	collaborative	community.		
The	 outcomes	 of	 the	 Inquiring	 Rock	 Hunters	 provided	 feedback	 on	 the	 development	 and	
improvement	of	the	nQuire	platform	and	other	citizen	participation	platforms.	This	feedback	has	
led	 to	 some	 recommendations	 that	 facilitated	 the	 design	 of	 the	 second	 study:	 further	
investigation	 on	 the	 recruitment	 based	on	 participants’	 background	 and	behaviour;	 design	 of	 a	
study	 that	 lasts	 longer	 and	 involves	 experts	 in	 preparing	material	 and	 exemplar	 investigations,	
while	 actively	 guiding	 non-experts	 in	 the	 community	 and	 specific	 groups;	 integration	 of	 field-
related	 (e.g.	 rock	 identification	key)	and	 inquiry	supporting	 (e.g.	glossary)	 tools	 to	 the	platform;	
instantly	 published	 investigations	 that	 are	 easily	 accessible	 for	 owners	 and	 visitors;	 improving	
usability	by	 integrating	the	tutorial	to	the	platform;	use	of	gamification	features	(rating,	badges,	
competitions,	awards)	to	enhance	participation;	creation	of	personal	profiles	and	communication	





Chapter	 5:	 Design	 Study	 2	 –	Weather-it	
Settings	
5.1 Introduction	
This	 chapter	describes	 ‘Weather-it’,	which	 is	Design	Study	2.	Weather-it	 is	 an	effort	 to	 create	a	
sustainable	 online	 community	 for	 citizens	 to	 create	 and	 engage	with	weather	 investigations.	 It	
builds	 on	 the	 results	 of	 Inquiring	 Rock	 Hunters	 and	 other	 studies	 on	 online	 and	 citizen	
participation	 communities.	 The	 design	 of	 the	 study	 includes	 three	 stages:	 community	 pre-birth	






Previous	 studies	 have	 focused	 on	 the	 informal	 education	 of	 citizens	 and	 their	 participation	 in	
projects	 for	 producing	 more	 science.	 As	 discussed	 in	 Chapter	 2,	 evaluating	 and	 improving	 the	
engagement	 and	 outcomes	 of	 communities	 of	 public	 participation	 in	 science	 and	 other	 online	
communities	 has	 always	 been	 an	 important	 topic.	 To	 this	 end	 there	 are	 a	 number	 of	 studies	















This	 study	 aimed	 to	 explore	 the	 creation	 of	 an	 active	 and	 sustainable	 community	 for	 citizens	
around	 the	world	 to	 propose,	 design,	manage	 and	 share	weather	 investigations.	 In	Weather-it,	
the	participants,	of	all	levels	of	weather	expertise,	could	create	or	join	weather	investigations	and	
invite	their	social	network	to	join	too.	The	investigations	could	be	weather	questions	they	have	in	
their	 everyday	 life	 (e.g.	 identify	 clouds),	 a	 phenomenon	 they	 want	 to	 investigate	 further	 (e.g.	
extreme	weather),	or	something	related	to	climate	(e.g.	climate	change).	Joining	an	investigation,	

















The	 preparation	 of	 the	 Weather-it	 project	 followed	 these	 steps:	 the	 selection	 of	 a	 platform	
suitable	 to	accommodate	a	community	of	collaborative	scientific	 investigations	on	weather,	 the	
designation	 of	 some	 community	 requirements	 to	 support	 the	 aim	 of	 the	 community,	 the	
preparation	of	exemplar	investigations,	and	the	evaluation	of	tools	used	for	the	investigations.		
5.3.1 nQuire-it	Toolkit	
The	 nQuire-it	 toolkit,	which	was	 only	 developed	 after	 the	 end	 of	 ‘Inquiring	 Rock	Hunters’,	was	
selected	 to	 host	 the	Weather-it	 project	 as	 it	 originates	 from	 the	 idea	 of	 having	 citizens	 act	 as	
scientists	 by	 allowing	 them	 to	 initiate,	manage,	 share	 and	 complete	 crowdsourcing	 projects	 of	
their	own	 interest	 (Herodotou,	Villasclaras-Fernandez,	&	Sharples,	2014).	Furthermore,	as	 it	 is	a	
project	 hosted	 by	 The	Open	University,	 it	was	 a	 convenient	 choice	 for	 having	 access	 to	 (a)	 the	
Google	 Analytics	 site	 (for	 monitoring	 the	 everyday	 traffic)	 and	 (b)	 the	 database	 log	 files	 (for	














The	 nQuire-it	 platform,	 itself	 open	 source	 software,	 promotes	 openness	 in	 multiple	 ways	 by	
allowing	 the	 extension	 of	 its	 code	 and	 content,	 and	 by	 offering	 citizens	 with	 opportunities	 to	
initiate	and	lead	their	own	investigations,	supported	by	open	collaboration	with	other	members.		
Open	 source	 software:	 The	 importance	 of	 open	 access	 tools	 in	 the	 field	 of	 science	 process	 has	
been	emphasized	(Förstner	et	al.,	2011).	The	source	code	for	the	nQuire-it	platform	and	Sense-it	
app	 is	 available36	 for	 modification	 and	 distribution	 and	 thus	 one	 can	 re-use	 and	 extend	 the	
software.	 For	 the	 toolkit	 design,	 students	 (aged	 14-16)	 and	 staff	 from	 UK	 Sheffield	 University	
Technical	College	collaborated	with	the	researchers,	proposed	their	ideas	and	then	evaluated	the	
software	contributing	to	its	improvement	and	functionality	with	their	suggestions	(Herodotou	et	







platform	 provides	 three	 different	 types	 of	 investigation	 (called	 ‘missions’	 on	 the	 platform),	
according	 to	 the	method	of	data	collection,	along	with	exemplar	 inquiry	missions	 for	each	 type	
that	 aim	 to	 illustrate	 the	 inquiry	 process.	 Initiating	 a	mission	 is	 facilitated	 by	 visual	 conceptual	
organisers	that	assist	creators	in	naming	and	describing	their	investigations,	numbering	the	goals	
of	their	mission,	providing	instructions	for	taking	part	in	the	project,	and	selecting	the	methods	of	
data	 collection	 (sensors,	 images,	 text)	 from	 the	available	 tools.	 The	 three	 types	of	mission	 that	
nQuire-it	platform	supports	are:	
1. Sense-it	missions:	the	data	collection	process	is	facilitated	by	the	Sense-it	app	(Figure	31)	
which	 activates	 the	existing	 sensors	of	Android	 smartphones	 and	 tablets	 (e.g.	 pressure,	
humidity,	sound,	light,	etc.)	and	allows	users	to	record,	visualise,	save	and	download	the	
log	 files.	Moreover,	 the	 user	 profiles	 and	missions	 are	 connected	 to	 nQuire-it	 and	 thus	
Sense-it	 uploads	measurements	 to	 the	 website	 automatically.	 The Sense-it	 app	 can	 be	
found	in	Play	Store. 




questions	may	 involve	 science	 experiments	 and	 the	 answers	 should	 be	 creative	 as	 the	
process	includes	rating	of	each	response.		
Some	of	the	missions	may	be	open-ended	and	some	others	closed-ended.	For	example,	a	Sense-it	









	In	 addition	 to	 the	 missions,	 nQuire-it	 also	 hosts	 a	 forum	 for	 further	 discussion	 which	 can	 be	
connected	to	a	specific	mission	through	a	link	to	a	discussion	forum	topic.		
Open	content:	Citizen	science	may	not	necessarily	be	open	science	as	many	projects	share	data	
but	may	 not	make	 the	 full	 research	 process	 public	 (Wiggins	 &	 Crowston,	 2011).	 However,	 the	
nQuire-it	missions	provide	open	and	public	access	to	all	the	inquiry	stages.	The	missions	initiated	
by	 lay	 people,	 as	 in	 crowdsourcing,	make	 an	 open	 call	 for	 contributions	 from	members	 of	 the	




pictures	 with	 important	 information	 in	 the	 title	 describing	 place,	 time,	 etc.	 Finally,	 the	








combination	 of	 multiple	 contributions	 from	 the	 members,	 utilizing	 in	 this	 way	 ‘collective	
intelligence’	(Suriowecki,	2005).	Therefore,	the	process	is	open	to	all	users,	not	just	to	the	mission	
owners.	The	members	have	 interactions	between	 them	to	 improve	one	another’s	 contributions	
instead	of	 competing.	An	example	of	 this	open	collaboration	 is	 the	 identification	process	 in	 the	
Spot-it	missions:	the	owner	shares	a	picture	of	interest	(such	as	an	unusual	cloud	formation	for	an	
‘Identify	 Clouds’	mission)	 and	 invites	 the	members	 to	 contribute	 towards	 its	 identification.	 The	
Spot-it	 process	 has	 some	 similarities	 to	 the	 iSpot	 platform	 (Scanlon,	 Woods	 &	 Clow,	 2014)	 –	
except	 that	 with	 nQuire-it,	 members	 of	 the	 public	 can	 propose	 a	 broad	 range	 of	 topics	 for	
investigation.	Members	 with	 different	 and	 sometimes	 conflicting	 ideas	 and	 opinions,	 can	 then	
discuss	with	 each	 other	 and	 provide	 feedback	 on	 the	 topic.	 Such	 involvement	 in	 the	 collective	
effort	 towards	 the	 missions	 paired	 with	 the	 enthusiasm	 on	 the	 topic	 can	 usually	 indicate	
engagement	in	the	community	(Bobek	et	al.,	2009).		
5.3.2 Community	Requirements	 	
The	 results	 from	 Design	 Study	 1	 showed	 that	 there	 was	 a	 low	 sense	 of	 belonging	 to	 the	
community.	 In	 this	 section,	 requirements	 for	 building	 a	 successful	 community	 are	 described,	
which	may	improve	the	sense	of	community	and	facilitate	engagement	in	the	Weather-it	project.	
This	survey	of	the	community	requirements	aimed	to	address	RQ1,	where	the	implementation	of	









2. Design	 of	 existing	 weather	 communities:	 Two	 popular	 weather	 communities/platforms	
(UK	Weather	 Watch	 (A),	 Netweather.tv	 (B))	 and	 four	 Weather	 citizen	 science	 projects	
(Weather	Detective	 (C),	Old	Weather	 (D),	WeatherSignal	 (E),	wezzoo	 (F))	were	surveyed	
and	 their	 individual	design	 features	were	gathered	 together.	 Then,	 these	 features	were	
summed	 up	 for	 all	 the	 platforms/communities	 and	 organised	 in	 the	 following	 seven	
categories:	 the	community	topic	 (weather),	 the	tools,	 the	members,	 the	communication	
between	 the	 members,	 reputation	 systems,	 networking,	 and	 communication	 of	 the	
project	outside	and	inside	the	platform	(Table	17).	




















































to	 the	 survey,	 a	 number	 of	 requirements	 focus	 on	 the	 scope	 of	 the	 project	 (e.g.	 create/join	 a	
mission).	 Some	of	 the	 requirements	 are	 already	 covered	a	priori	 by	 the	design	of	 the	nQuire-it	






• Create	 a	 profile	 (username,	 photo,	 and	 country/town).	 Wenger	 (2001)	 argues	 the	
importance	of	the	individual	identity	in	a	social	learning	system.	The	users	should	be	able	
















• Content	 sharing	 system	 in	 external	 platforms	 (Facebook,	 twitter,	 email).	 Exporting	 of	
content	 will	 increase	 the	 visibility	 of	 the	 community	 among	 the	 social	 networks	 of	
members	(Resnick	&	Konstan,	2012).		
• Reputation	 system	 (Rating/Like):	 the	 members	 should	 be	 rewarded	 for	 their	 efforts	










• Location	 for	 weather	 investigations	 that	 require	 geographic	 coordinates	 for	 the	 data	
collection	
Essential	
• Notifications	 will	 support	 and	 reinforce	 the	 participation	 and	 contribution	 of	 the	
members	in	the	community	(Kraut	&	Resnick,	2011).	
• List	 with	 recent	weather	 investigations:	 this	 will	 help	 the	 newcomers	 to	 find	 the	most	
active	investigations	more	easily	and	join	the	discussion	straight	away	(Resnick	&	Konstan,	
2012).	
• News	 feed:	 displaying	 the	 prominent	 user-contributed	 content,	 conveys	 activity	 within	
the	community	(Resnick	et	al.,	2012).	
• Personal	Message:	 join	 a	 private	 asynchronous	discussion	 (may	be	 synchronous	 if	 both	
users	 are	 online).	 The	 members	 should	 have	 personal	 conversations	 in	 order	 to	 build	
relationships	(McKenna	et	al.,	2002)	and	increase	the	sense	of	co-presence	(Slater	et	al.,	





positive	 effect	 on	 the	 motivation	 of	 the	 members	 for	 contribution	 (Locke	 &	 Latham,	
2002).	
• Most	 popular	 Investigation	 (Likes/thumbs	 up)	 as	 a	 displayed	 performance	 feedback	
which	 affords	 status	 reward	 for	 the	 quality	 of	 contribution	 and	 may	 motivate	
participation	(Kraut	et	al.,	2012)	
• Who	is	currently	online	(e.g.	Figure	36):	increases	the	visibility	and	social	presence	aspect	























• Give	 feedback	 in	 every	 step	 of	 the	 mission	 (comment,	 like,	 rate).	 E.g.	 one	 can	
comment/respond	on	 a	mission	or	 comment	on	 a	 comment	of	 the	mission.	 Interaction	
with	 other	 people	 can	 keep	 the	 members	 motivated	 to	 the	 community	 (Kubey	 &	
Csikszentmihalyi,	2013).	



















































After	 the	 list	 with	 requirements	 was	 set	 up,	 only	 a	 subset	 was	 implemented	 on	 the	 nQuire-it	
platform,	as	the	time	and	resources	were	limited.	The	applied	features	were	mainly	drawn	from	
the	list	with	the	essential	requirements	or	emerged	as	urgent	for	the	flow	of	the	community	and	
investigations.	 The	 implementation	was	 carried	 out	 by	 the	 nQuire-it	 development	 team	 at	 the	




• The	 investigations	 displayed	 on	 the	 main	 page	 of	 nQuire-it	 were	 sorted	 by	 the	 most	
recent	ones	and	thus	members	were	able	to	spot	the	most	active	investigations.	
• One	could	click	on	a	member’s	name	 in	order	 to	visit	 their	profile	page	and	 learn	more	
about	 them:	 name,	 location,	 description,	 interests	 and	which	 projects	 they	 have	 joined	








• A	 feature	 that	 was	 not	 included	 in	 the	 requirements	 list	 but	 was	 spotted	 later	 was	
merging	the	accounts	created	through	nQuire-it	and	Sense-it.	This	helped	to	prevent	the	
existence	of	two	usernames	for	the	members	who	were	using	both	the	mobile	application	







• Another	 feature	 which	 is	 considered	 significant	 for	 a	 community	 of	 scientific	
investigations,	 and	 was	 added	 afterwards	 to	 the	 nQuire-it	 platform,	 is	 the	 option	 for	





Alternative	 techniques	 were	 sought	 for	 some	 other	 important	 features	 that	 could	 not	 be	
implemented	 on	 the	 platform	 for	 this	 project.	 These	 are	 described	 in	 Section	 5.5	 and	 include	
notifications	to	the	members	for	any	feedback	received	on	their	posts,	tangible	awards	and	prizes	








all	 mobile	 devices	 and	 thus	 more	 participants	 would	 be	 able	 to	 join	 and	 contribute	 to	 the	
particular	 mission.	 The	 suggestion	 by	 the	 expert	 was	 the	 creation	 of	 a	 mission	 ‘Record	 the	
173	
	
sunlight’	 for	measuring	and	comparing	 the	sunlight	 in	different	parts	of	Europe	 (Figure	47).	The	




For	 the	Spot-it	mission,	observing	clouds	seemed	to	be	 the	best	option	as	 it	 could	engage	non-
experts.	Rather	 than	 just	 looking	 for	 funny	 shapes,	 the	participants	had	 to	 spot,	 take,	upload	a	
cloud	 picture	 and	 name	 the	 cloud	 type.	 For	 naming	 the	 cloud	 type	 they	 were	 given	 a	 cloud-
spotting	 guide	 by	 the	 Met	 Office37.	 Creating	 a	 mission	 ‘Identify	 the	 cloud’	 should	 provide	








As	Win-it	missions	 require	additional	effort	 to	be	answered,	 the	experts	were	asked	 to	provide	
some	 interesting	questions	that	could	not	be	answered	 just	by	a	web	search.	The	question	that	
was	 chosen	as	a	Win-it	 exemplar	mission	was	“Why	do	you	get	 colder	going	up	a	mountain	on	















Likewise,	 prior	 to	 the	 creation	 of	 the	 ‘Record	 the	 sunlight’	 project,	 trials	 took	 place	 to	 test	







of	 the	 particular	 light	 bulb	 at	 that	 distance	 was	 calculated	 with	 the	 inverse-square	 law	
(Illuminance	=	 !"#$%&"'	)!"*+,-+ )	 to	be	equal	 to	66.85	Lux.	The	results	 showed	a	wide	divergence	of	
measurements	 ranging	 from	 33	 to	 1000	 Lux.	 The	 conclusions	 from	 this	 experiment	 were	 that	
there	was	 large	 discrepancy	 between	 the	 theoretical	 Lux	 and	 the	measurements.	 Furthermore,	
there	were	differences	among	the	mobile	devices	of	the	same	brand	and	model.	These	 led	to	a	
more	thorough	investigation	involving	the	help	of	experts.		
First,	 advice	 was	 sought	 from	 a	 calibration	 expert.	 One	 method	 proposed	 for	 calibrating	 the	
application,	 was	 to	 add	 a	 scaling	 feature	 to	 the	 software,	 allowing	 the	 user	 to	 increase	 or	





Then,	 a	 camera	expert	was	 contacted	 for	 further	 investigation.	As	 scaling	between	devices	was	
one	of	the	possible	options,	device	datasheets	were	studied	in	order	to	provide	information	such	
as	integration	time	and	wavelength	response.	Some	of	the	mobile	devices	used	in	the	experiment	
had	 linear	 sensors	 in	 them,	 which	 means	 that	 if	 the	 light	 input	 doubles,	 the	 output	 will	 also	
double	 (in	 some	 other	 cases	 when	 the	 input	 doubles	 the	 output	 quadruples).	 For	 such	 linear	




used	 primarily	 for	 dimming	 the	 screen	 in	 sunlight	 rather	 than	 giving	 accurate	 Lux	 readings.	
Moreover,	 some	 sensors	 have	 ‘max’	 values,	 beyond	 which	 they	 will	 not	 be	 sensitive	 to	 any	





sensor	may	have	a	 tolerance	of	 +/-	 15%	varying	 the	 results	 compared	 to	other	devices.	 Finally,	






2009),	 contradictory	 or	 similar	 measurements	 from	 the	 same	 area	 and/or	 device	 may	 help	 to	
improve	the	system.	
5.4 Core	Group	
The	 ‘core	 group’	 plays	 a	 vital	 role	 in	 the	 success	 of	 the	 community,	 and	 all	 new	members	 are	
potential	members	of	 this	group	 (Young,	2013).	At	 the	beginning	of	 the	project,	 a	group	of	 ten	
people	 interested	 in	 weather	 (science	 experts	 and	 non-experts)	 was	 recruited	 from	 around	
Europe	to	form	the	core	and	start	of	the	community.	An	open	invitation	was	posted	on	Facebook	
and	Twitter	and	circulated	by	email,	and	it	was	 inviting	people	 interested	in	weather	to	 join	the	
core	 group.	 The	 core	 group	 members	 included	 two	 weather	 experts	 and	 eight	 non-experts,	
located	in	Switzerland,	Georgia,	Turkey,	Greece,	Belgium,	U.K.,	Sweden	and	Spain.		










In	 this	 way,	 some	 activities	 and	 discussions	 were	 ready	 for	 the	 first	 members	 to	 join.	
Concurrently,	with	 the	 invitations	 to	 their	 social	 networks	 they	were	 also	 asked	 to	 support	 the	
newcomers.	The	core	group	members	were	given	£20	Amazon	coupons	as	reward	for	their	help.		
5.5 Engaging	the	participants	
Engaging	 the	participants	 in	 the	 community	 is	one	of	 the	big	 challenges	all	 online	 communities	




is	 to	 promote	 human	 interaction	 and	 communication	 through	 the	 building	 of	 knowledge	 and	
skills.	Other	research	attaches	to	the	online	moderator	of	informal	online	learning	communities	a	
combination	 of	 roles,	 such	 as	 technical	 trouble-shooter,	 hostess,	 educator,	 organiser	 and	
facilitator	 (Mason,	1994;	Berge	&	Collins,	2000).	Moreover,	participants	of	an	online	community	
of	practice	refer	to	the	moderator	as	“being	the	one	who	was	always	there”	(Gray,	2003,	p.	27).		






Once	 the	participants	were	 registered	 through	 the	consent	 form	as	members	of	 the	Weather-it	











The	 attached	 links	 in	 the	 instructions	 were	 forum	 pages	 within	 the	 nQuire-it	 platform.	 The	
information	was	divided	into	threads	such	as	‘get	started’,	‘create	a	mission’	and	‘profiles’	(Figure	
50).	Get	started	topics	had	information	about	the	nQuire-it	missions	and	philosophy,	and	how	a	






















‘Notifications’	 was	 one	 of	 the	 community	 requirements	 which	 were	 not	 implemented	 in	 the	
nQuire-it	 platform.	 As	 it	 was	 considered	 to	 be	 one	 of	 the	 essential	 requirements	 and	 it	 was	
questioned	whether	 it	 could	 have	 an	 impact	 on	 the	 level	 of	 participation,	manual	 notifications	
were	initiated	by	the	moderator	at	the	start	of	the	7th	week.	The	goal	of	this	experiment	was	the	
comparison	and	assessment	of	 the	potential	 impact	of	notifications	on	 the	participation,	which	
was	explored	through	Social	Network	Analysis	(Section	3.6.4.1).	
The	manual	notifications	technique	follows	the	Wizard	of	Oz	paradigm,	by	which	people	interact	
with	 a	 system	 that	 they	 believe	 to	 be	 autonomous	 (Hanington	&	Martin,	 2012).	 However,	 the	
system	is	actually	operated	by	a	human	being;	the	person	behind	the	system	is	the	‘wizard’.	Thus,	
Weather-it	members	were	sent	notifications	by	the	moderator	through	the	official	nQuire-it	email	
















Kraut	 and	 Resnick	 (2011)	 in	 their	 research	 identify	 factors	 that	 support	 and	 reinforce	 the	
participation	and	contribution	of	 the	members	 in	 the	community.	These	 factors	mainly	concern	
notifying	 the	members	 about	 new	 activities	 and	 the	 need	 to	 contribute,	 encouraging	 them	 to	
contribute,	 setting	 goals,	 providing	 feedback,	 promoting	 existing	 contributions	 and	 publishing	
participation	levels.		
During	this	project,	some	actions	were	designed	to	keep	the	members	engaged	in	the	community.	
These	 included	 excerpts	 from	 the	 get	 started	 steps	 and	 the	 email	 notification,	 the	 creation	 of	
forum	 topics	 with	 updates	 and	 announcements	 (e.g.	 Figure	 52),	 a	 mailing	 list	 with	 the	 new	















case	 the	 member	 faced	 problems	 with	 their	 participation.	 Therefore,	 the	 moderator	 was	
contacting	 the	 members	 in	 case	 they	 had	 registered	 for	 the	 project	 but	 did	 not	 join	 the	
community	or	they	did	not	visit	the	platform	for	a	long	time.		




Community	 pre-birth	 preparations:	 This	 comprises	 the	 description	 of	 the	 software	 used	 for	 the	
project,	the	community	requirements	and	features,	setting	up	exemplar	investigations	and	testing	
the	tools	used	for	the	investigations.		
Core	 group:	 Once	 the	 preparations	 were	 complete,	 and	 participants	 were	 invited	 to	 join	 the	
community,	a	core	group	was	also	 formed	 to	give	 life	 to	 the	community	and	welcome	the	new	
members.		










Chapter	 6:	 Design	 Study	 2	 –	Weather-it	
Results	
6.1 Introduction	
This	 chapter	 presents	 the	 results	 and	 findings	 from	 the	 Weather-it	 design	 study.	 The	 chapter	
starts	with	an	overview	of	the	data	collected	and	missions	produced	by	the	Weather-it	members.	
The	overview	 is	 followed	by	 sections	 that	 examine	 the	online	 community	 aspects	 (recruitment,	
motivation,	 sustainability,	 evolution,	 identity)	 the	 level	 and	 type	 of	 engagement,	 the	




The	 following	 table	 (Table	 19)	 shows	 the	 participation	 of	 Weather-it	 members	 (moderators	









101	 24	 206	 422	 441	 188	
Although	 the	 total	 number	 of	 missions	 that	 Weather-it	 members	 participated	 in	 is	 24,	 the	
missions	 produced	 within	 the	Weather-it	 project	 were	 13.	 Thus,	 members	 also	 contributed	 to	
185	
	
missions	 on	 other	 topics	 on	 the	 nQuire-it	 platform,	 including	 missions	 related	 to	 noise	 maps,	
inquiries	around	bees,	etc.	(Section	6.5.1).	Seven	out	of	13	Weather-it	missions	were	created	by	
members	other	than	the	moderators,	Maria	and	Mike.	In	the	previous	chapter	(Section	5.3.3),	the	






























































Addressing	 the	 research	 questions	 involves	 the	 creation	 of	 an	 online	 community	 capable	 of	
hosting	scientific	inquiries	and	discussions.	In	the	previous	chapter	(Chapter	5)	the	preparation	of	




Interestingly,	 word-of-mouth	 through	 friends	 and	 colleagues	 has	 been	 found	 to	 be	 the	 most	
important	factor	 in	attracting	members	to	the	community	(Figure	54).	The	questionnaire	results	
show	 that	 43%	 of	 the	 members	 invited	 other	 people	 to	 join	 the	 community.	 Circulating	 the	







added	 in	her	 response	 that	 she	came	across	nQuire-it	when	searching	 for	 the	word	“cloud”.	Of	
equal	importance	is	the	recruitment	by	the	moderator	of	the	community,	mostly	of	the	experts.	




main	motivations	 for	 joining	 the	 community	 was	 interest	 in	 weather,	 the	 topic	 of	 the	 project,	
followed	by	friends	who	have	already	joined	the	community.	Some	members	were	also	attracted	






A	 smaller	 number	 of	 members	 are	motivated	 by	 their	 interest	 in	 science	 (and	 citizen	 science)	


























































Table	 21	 shows	 how	 the	 members	 justify	 their	 level	 of	 expertise.	 The	 experts	 are	 weather	
professionals,	 junior	 or	 senior	 academics	 and	members	 of	weather	 associations.	Members	 that	
consider	 themselves	 as	 intermediates	 have	 a	 job	 (agronomist)	 or	 hobby	 (racing	 sailor)	 that	
requires	 weather	 knowledge,	 their	 own	weather	 stations,	 or	 they	 study	meteorology	 (formally	
and	 informally).	 Weather	 beginners	 may	 also	 have	 a	 hobby	 that	 combines	 weather	
(sailing/photography),	study/studied	weather	or	want	to	learn	more	about	it.	Some	beginners	are	











who	 has	 created	 a	 mission:	 “We	 all	 exchanged	 opinions	 and	 I	 liked	 that	 more	 than	 searching	
alone”	(Typhoon).	
6.3.4 Interactions	overview	
Visualising	 the	 community,	 it	 is	 easy	 to	 identify	 the	 popular	 and	 the	 peripheral	 members	 of	
Weather-it.	For	the	visualisation,	social	network	graphs	were	generated	in	order	to	conceptualise	
the	members	as	nodes	and	their	interactions	as	a	link	between	the	nodes.	The	data	and	software	




























degree	 helped	 in	 calculating	 the	 most	 active	 person	 of	 the	 community,	 indicating	 this	 to	 be	
Boreas.	The	eight	members	with	the	most	received	and	given	contributions	(weighted	in	and	out	
















From	the	 log	data	 it	 is	shown	that	Ostria	had	created	a	Spot-it	mission	‘Snowflake	spotting’	and	
she	maintained	it,	receiving	many	data	contributions	and	providing	feedback	to	her	participants.	
Similarly,	 Typhoon	had	 created	a	 Spot-it	mission	 in	 relation	 to	 ‘Sunsets’.	Boreas	 tended	 to	post	
data	 (pictures)	 to	 both	 Ostria’s	 mission	 and	 to	 ‘Identify	 the	 cloud’	 mission,	 created	 by	 a	
moderator.	Brubu	was	a	fan	of	Boreas’	pictures	and	voted	for	almost	all	of	them.	Stratus,	Cumulus	
and	Zephyros	were	adding	data	and	comments	to	all	of	the	missions.	Finally,	Norte	had	created	
and	 maintained	 a	 Win-it	 mission	 ‘Rainfall	 duration’,	 and	 at	 the	 same	 time	 he	 commented	 on	
almost	all	of	Boreas’	pictures.	Whereas	 the	most	active	participants	 create	missions,	 contribute	
with	data,	comments	and	even	votes,	nine	out	of	ten	members	with	the	smallest	weighted	degree	






evolution	 graphs.	 The	 separation	 of	 the	 community	 in	 stages	 based	 on	 the	 data	 trends	 as	






the	 community	 matures	 and	 becomes	 more	 sustainable.	 The	 final	 number	 for	 the	 Weather-it	
community	is	78	nodes	and	420	ties. 











The	 graph	 in	 Figure	 58	 represents	 the	 Weather-it	 members	 and	 their	 ties	 according	 to	 their	
contributions	 to	 other	members,	 at	 the	 end	 of	 4th	week.	 The	 45	members	 of	 the	 community,	
including	the	moderator,	Maria,	who	is	the	central	node,	had	142	interactions	of	any	nature.	The	
core	 group	 members	 had	 created	 three	 new	 missions	 and	 that	 increased	 the	 number	 of	 the	
interactions.	Although	the	community	was	rapidly	expanding	 in	members,	8	out	of	45	members	
seem	not	to	have	any	interaction	with	others.	
In	 the	 second	 stage	 (Weeks	 5-7),	 the	 community	 is	 rather	 unchanging	 regarding	 both	 the	
members	and	their	 interactions.	Possible	explanations	 for	this	stasis	are	a)	 the	Christmas	break,	
which	 took	 the	members	 away	 from	 their	 computers	 and	 to	 holidays,	 b)	members	 linked	 to	 a	















During	 the	 third	 stage,	 the	 community	 starts	 evolving	 again.	 The	moderator	 sets	 up	 a	manual	
notification	 system	 that	 informs	 the	 members	 when	 they	 have	 posts	 on	 their	 missions,	 and	
comments	on	their	posts	and	 forum	posts.	Alongside	the	notification	system,	a	mailing	 list	with	











“The	 regular	 update	 emails	 and	 Facebook	activity	make	 it	 easy	 to	 feel	 part	 of	 the	 community.”	
(Sumatra)	
The	 graph	 in	 Figure	 60	 represents	 the	members	 and	 their	 interactions	 by	 the	 end	 of	 the	 11th	
week.	The	 community	has	16	new	members	and	87	 interactions	within	 four	weeks.	Part	of	 the	
reason	 that	 the	 number	 of	 interactions	 have	 increased	 are	 the	 two	 new	 missions	 created	 by	







In	 the	 fourth	and	 final	 stage,	 the	community	becomes	more	stable,	maintaining	 the	 rhythms	at	
neither	 extremely	 high	 nor	 low	 levels.	 The	 data	 logs	 of	 the	 community	 provide	 information	 to	
spot	the	non-active	members,	who	have	had	an	activity	in	the	community	in	the	previous	weeks,	
and	 the	 moderator	 sends	 a	 personalised	 message	 reminding	 them	 of	 their	 Weather-it	







start	 to	 use	 common	 language	 following	 some	 terminology	 around	 the	 topic	 (e.g.	 they	 argue	
about	the	type	of	a	cloud)	(Section	6.5.5).	Some	of	the	experts	(Norte,	Arcus)	visit	the	community	






has	 78	 members	 and	 420	 interactions,	 and	 thus	 a	 further	 ten	 members	 and	 165	 interactions	
within	3	weeks.	There	are	still	15	unconnected	nodes	of	whom	four	are	members	who	joined	the	
platform	 at	 this	 stage.	 Of	 those	 15	 unconnected	 members,	 only	 three	 completed	 the	
questionnaire.	The	reasons	they	gave	for	not	being	active	are	being	a	new	member	(Mammatus),	
lack	of	time	(Sumatra)	and	bad	timing	(Tahuantepecer).		










shows	an	 increase	with	 the	start	of	 the	notifications	and	weekly	updates.	Week	10	 to	Week	14	
200	
	




Figure	 63	 shows	 the	 weekly	 activity	 of	 the	 community.	 The	 contributions	 used	 for	 this	 graph	
include	 the	 creation	 of	 missions,	 forum	 threads,	 data	 to	 missions,	 forum	 posts,	 comments	 to	
missions	 or	 posts.	 The	 activity	 seems	 to	 be	 high	 in	 the	Week	 1	 and	 then	 gradually	 decreases,	
reaching	 the	 bottom	 by	 Week	 5,	 where	 the	 active	 members	 were	 at	 a	 minimum.	 Then,	 it	




Beyond	 the	evolution	and	sustainability	of	 the	community,	an	 interesting	aspect	 is	whether	 the	
members	 themselves	 feel	 part	 of	 this	 community.	 In	 the	 survey	 question	 (n=53),	 most	 of	 the	
respondents	(68%)	said	that	they	feel	 like	a	part	of	the	community.	The	participants	who	gave	a	
negative	 answer	 (32%)	 were	 then	 categorised	 into	 three	 groups	 according	 to	 their	 level	 of	



















“I	never	did	anything	on	 the	 site.	 I	 think	 it's	a	great	 idea,	but	 the	
timing	was	bad	for	me.”	(Squamish)	





“I	 didn't	 really	 start	 using	 the	website	properly	and	 so	my	 lack	of	
community	 engagement	 did	 not	 come	 from	 being	 made	 to	 feel	
unwelcome”	(Gregale)	





“I	 did	 not	 communicate	 as	 much	 with	 the	 other	 participants.”	
(Austru)	
“Not	 really	because	 I	have	 registered	 recently	and	 I	haven't	 spent	
much	time	on	it.”(Funnel)	
“Some	 of	 the	 other	 members	 seemed	 to	 be	 fairly	 young	 and	 I'm	
not!”	(Santa-Ana)	
“I	visit	the	page	rarely”	(Brubu)	
“I	 wasn't	 active	 enough	 nor	 had	 the	 time	 to	 feel	 like	 one	 of	 the	
community,	and	I	believe	being	member	of	a	new	strange	(strange	
in	 the	 meaning	 of	 unfamiliar)	 community	 needs	 some	 sort	 of	

















inviting	 people.	 Indirect	 recruitment	 through	mailing	 lists	 and	 social	 networks	was	 effective	 for	
attracting	 people	 who	 had	 no	 connections	 with	 the	 community,	 and	 thus	 had	 little	 prior	
knowledge	of	the	community.	
The	Weather-it	 community	accommodated	members	of	all	 types	of	weather	expertise	 (experts,	
intermediates	 and	 beginners/amateurs)	 with	 the	 majority	 being	 beginners/amateurs.	 Expert	
members	 were	 more	 interested	 in	 the	 topic	 whereas	 intermediates	 and	 beginners	 joined	 for	
additional	reasons	such	as	their	friends	who	had	also	joined	the	community.	
Weather-it	 members	 ranked	 the	 specific	 topic	 of	 the	 project	 (weather)	 as	 their	 first	 reason	




This	 preliminary	 analysis	 of	 Weather-it	 community	 has	 been	 made	 with	 the	 social	 network	
analysis	 method	 and	 helped	 identify	 the	 structure	 of	 the	 community	 and	 the	 interactions	





Overall,	 it	 appears	 that	 the	 evolution	 of	 the	 community	 depends	 mainly	 on	 the	 project	
communication	 –	 the	 advertisement,	 the	 notifications,	 the	 daily/weekly	 updates,	 and	 the	




community	 moderator.	 This	 supports	 the	 findings	 of	 previous	 research	 that	 identifies	 the	
fundamental	 design	 set	 in	motion	 from	 the	 early	 first	 stage	 of	 the	 community	 development	 is	
inadequate	to	make	the	community	“run	itself”	(Stuckey	&	Smith,	2004).	
Although	the	majority	of	the	members	felt	like	a	part	of	the	community,	an	important	percentage	
did	 not.	 Surprisingly,	 almost	 half	 of	 those	 are	 members	 with	 many	 contributions	 to	 the	
community.	The	reasons	for	not	feeling	a	part	of	the	community	are	related	to	a)	the	absence	of	






and	Section	5.3.3)	and	more	 interventions	 took	place	while	observing	 the	community	evolution	
and	 behaviour	 (Section	 5.5).	 This	 current	 section	 describes	 the	 participation	 of	 Weather-it	
members	based	on	 the	 level	and	 type	of	engagement,	 followed	by	a	 self-report	on	 the	 reasons	
that	caused	members	to	be	engaged	or	disengaged	with	the	community	and	finally	reporting	on	






Table	 24	 shows	 the	 descriptive	 statistics	 of	 engagement	 metrics	 of	 members	 in	 Weather-it	
dataset	 in	comparison	to	those	of	 ‘Milky	Way’	and	 ‘Galaxy	Zoo’	projects,	produced	by	Ponciano	
and	Brasileiro	 (2015).	The	metrics	used	 for	 this	analysis	are	described	 in	 the	Research	Methods	
Chapter	 (Section	 3.6.4.2).	 For	 the	 calculation	 of	 the	 engagement	metrics,	 several	 data	 for	 each	
user	were	collected,	such	as	the	number	of	active	days,	the	number	of	lurking	days,	the	total	days	





Activity	ratio	 mean	=	0.32,	sd	=	0.35	 mean	=	0.40,	sd	=	0.40	 mean	=	0.33,	sd	=	0.38	
Daily	devoted	time	 no	data	 mean	=	0.44,	sd	=	0.54	 mean	=	0.32,	sd	=	0.40	
Relative	activity	duration	 mean	=	0.43,	sd	=	0.44	 mean	=	0.20,	sd	=	0.30	 mean	=	0.23,	sd	=	0.29	
Variation	in	periodicity	 mean	=	5.11,	sd	=	5.36	 mean	=	18.27,	sd	=	43.31	 mean	=	25.23,	sd	=	49.16	









bigger	 standard	 deviation	 (relative	 activity	 duration).	 Furthermore,	 Weather-it	 members	 were	
more	 constant	 with	 their	 visit	 frequency	 (variation	 in	 periodicity).	 Finally,	 there	 is	 no	 data	 for	
comparing	 the	 lurking	 ratio,	 though	 research	 showed	 that	 a	 small	 number	 of	 volunteers	 do	 a	





in	 Section	 3.6.4.3.	 First,	 the	 members	 with	 two	 or	 fewer	 active	 days	 composed	 a	 separate	
engagement	 profile	 named	 ‘visitors’.	 Then	 the	 rest	 of	 the	 members	 were	 clustered	 to	
engagement	 profiles	 according	 to	 the	 individual	 results	 of	 the	 lurking	 ratio	 and	 the	 metrics	
proposed	by	Ponicano	and	Brasileiro	(2015),	with	daily	devoted	time	excluded.		
The	hierarchical	clustering	algorithm,	as	described	in	Section	3.6.4.3,	 indicated	2	to	6	number	of	
clusters	 as	 the	 interval	 to	 be	 tested.	 The	 result	 of	 the	 clustering	 quality	 when	 the	 number	 of	
clusters	ranges	from	2	to	6	is	shown	in	Figures	64	and	65.	Figure	64	presents	the	results	from	the	
clusters’	cohesion	(Average	Silhouette	width)	for	each	potential	number	of	clusters,	and	Figure	65	
demonstrates	 the	 similarities	 between	 clusters	 (Davies-Bouldin	 index).	 The	 cross	 validation	
between	the	two	methods	for	determining	the	optimal	number	of	clusters	show	that	4	is	the	best	



























































categories	 represent	 member	 engagement	 profiles.	 The	 name	 for	 each	 profile	 was	 chosen	 or	
borrowed	 from	Ponciano	 and	Brasileiro	 (2015)	 so	 that	 it	 characterises	 the	main	behaviour	 of	 a	
specific	 group	 of	 members	 within	 the	 Weather-it	 community.	 Figure	 66	 shows	 a	 comparative	
chart	with	 the	metrics	 average	 for	 each	 engagement	 category,	with	 each	 bar	 representing	 one	





Loyal	 engagement.	Members	 of	 the	 loyal	 engagement	 profile	 demonstrate	 the	 largest	 relative	
activity	 duration,	 combined	 with	 moderate	 activity	 ratio	 and	 low	 variation	 in	 periodicity.	 This	
means	that	members	of	this	category	remain	linked	to	the	project	the	longest	with	steady	visiting	
rates,	and	they	are	active	nearly	half	of	the	days	they	are	linked	to	it.	In	addition	to	that,	the	low	
lurking	 ratio	 indicates	 the	small	number	of	days	 that	 they	visit	Weather-it	without	being	active.	
Nine	out	of	ten	members	in	this	category	were	surveyed	with	eight	of	them	still	being	active	on	
the	data	of	survey;	the	ninth	one	had	left	the	project	as	the	mission	they	joined	for	had	finished.	
Loyal Hardworking Persistent Lurker Visitor
Activity	ratio 0.4 0.56 0.12 0.17 0.36
Relative	activity	duration 0.91 0.13 0.9 0.72
Variation	in	periodicity 0.11 0.07 0.78 0.29 0.14














Respondents	 consisted	 of	 four	 beginners,	 four	 intermediate	 and	 one	 expert.	 According	 to	 the	
survey,	the	main	reasons	that	attracted	initial	participation	in	the	project	are	‘weather’	(47%)	and	
‘community’	 (20%),	 followed	by	 ‘software’,	 ‘friends’,	and	 ‘science’.	Respondents	 joined	missions	
of	all	types,	from	one	to	eight,	and	contributed	their	data.	All	of	them	felt	part	of	the	community	
and	 eight	 out	 of	 nine	 would	 like	 to	 remain	 members.	 Their	 attitudes	 towards	 the	 project	 are	
mainly	‘enthusiastic’	(25%),	‘interested’	(25%)	and	‘active’	(25%),	followed	by	‘excited’,	‘inspired’	
and	 ‘not	bored’.	Moreover,	one	member	 chose	 ‘guilty’	 adding	“when	 I	do	 it	during	work	 time”.	
Overall,	loyal	members	are	satisfied	with	the	project	as	experts	“are	willing	to	help”	and	“explain	
things	 in	a	better	way”,	and	there	 is	“variety	of	members	and	topics”	and	“plethora	of	 topics	 to	
discuss”.	 Learning	 was	 also	 a	 reason	 for	 feeling	 satisfied,	 with	 comments:	 “insight	 into	 some	
topics”	 and	 “new	 information”.	 In	 relation	 to	 the	 community	 there	 were	 comments	 such	 as	
“sharing	 is	fun”,	“the	members	are	friendly”.	Finally,	the	expert	 in	this	category	“likes	explaining	
phenomena	to	non-experts”.	
Hardworking	 engagement.	 Members	 of	 this	 category	 exhibit	 low	 variation	 in	 periodicity	 and	
lurking	ratio.	This	means	that	they	visit	the	platform	at	regular	time	intervals	and	they	are	nearly	





‘weather’	 (33.3%),	 ‘software’	 (33.3%)	 and	 ‘friends’	 (33.3%).	 In	 contrast	 to	 the	 loyal	 members,	
‘community’	 is	not	 in	 their	motives,	and	only	half	of	 them	feel	members	of	 the	community	and	










variation	 in	 periodicity	 and	 the	 relative	 activity	 duration	 which	 is	 almost	 as	 high	 as	 in	 loyal	
members.	Thus,	persistent	members	remain	linked	to	the	project	the	longest	but	they	do	not	visit	
Weather-it	 in	 a	 steady	 rate.	 At	 the	 same	 time,	 activity	 ratio	 is	 quite	 low	 indicating	 the	 small	
number	 of	 active	 days	 they	 have	 during	 the	 period	 they	 are	 linked	 to	 the	 project.	 However,	
lurking	ratio	is	also	low,	suggesting	they	are	active	during	their	visiting	days.	All	but	one	member	
of	this	category	were	active	until	the	end	of	Weather-it	and	14	responded	to	the	survey.	Eight	of	
them	were	 beginners,	 five	 intermediates	 and	 there	was	 also	 one	 expert.	 ‘Friends’	 (37%)	 is	 the	
most	frequently	motive	for	initiating	participation,	followed	by	‘community’	(26%)	and	‘weather’	
(16%).	Other	 responses	 include	 ‘software’,	 ‘inquiry’,	 and	 ‘curiosity’.	 All	 but	 three	would	 remain	
members	 of	 the	 community.	 The	 most	 common	 attitude	 for	 participating	 in	 Weather-it	 is	
‘interested’	 (28%)	 followed	 by	 ‘active’	 (23%)	 and	 ‘enthusiastic’	 (20%).	 The	 ‘active’	 response	
however	 is	 in	 contrast	 to	 the	activity	 ratio	 result,	which	may	 suggest	 their	 satisfaction	with	 the	
number	of	active	days	during	their	visits.	Persistent	members	seem	to	be	satisfied	with	“diversity	





Lurking	 engagement.	 Members	 have	 comparatively	 high	 relative	 activity	 duration	 and	 low	
variation	in	periodicity,	and	thus	they	remain	linked	to	the	project	for	a	long	time	and	visit	it	at	a	
good	 rate.	 However,	 the	 low	 activity	 ratio	 combined	with	 the	 comparatively	 high	 lurking	 ratio,	
indicate	that	they	are	active	for	only	a	few	days	during	their	stay	in	the	project	and	exhibit	lurking	
behaviour	 during	 one	 third	 of	 their	 visiting	 days.	 Four	 out	 of	 the	 five	 lurkers	 responded	 to	 the	






I	 felt	 not	 like	 a	 forum.	 It	 was	 a	 little	 bit	 impersonal,	 no	 participation	 in	 the	 extent	 I	 wanted”.	
However,	three	of	them	would	like	to	remain	members	in	the	community	and	the	fourth	one	said	
that	 they	 “did	 not	 understand	 the	 point	 of	 the	 community”.	The	 lurkers’	 attitudes	 towards	 the	




another	expected	“an	automatic	 system	able	 to	process	uploaded	photo	and	 then	 to	detect	 the	
weather”	instead	of	a	community.		
Visitors.	Members	 of	 this	 profile	 only	 contributed	 to	 the	 project	 on	 one	 or	 two	 days,	 or	 even	
never,	 and	 thus	 their	 variation	 in	 periodicity	 cannot	 be	 compared.	 Their	 second	 main	
characteristic	 is	 the	 short	 relative	 activity	 which	 is	 similar	 to	 that	 exhibited	 by	 hardworking	
members	who	do	not	stay	for	a	long	time	in	the	project.	Moreover,	the	activity	ratio	is	similar	to	
the	loyal	members’	one	and	the	lurking	ratio	higher	than	the	lurkers.	This	category	embraces	the	
majority	 of	 the	 members	 (43)	 and	 as	 it	 includes	 many	 new	 members	 and	 diversity	 in	 results	
further	 analysis	 took	 place.	 Twelve	 visitors	 exhibited	 more	 active	 behaviour,	 twelve	 exhibited	
hesitant	behaviour,	and	17	 lurking	behaviour.	Responses	to	the	survey	came	from	23	members,	
14	beginners,	three	intermediate	and	six	experts.		
(a) Active	visitors	 joined	Weather-it	because	they	are	 interested	 in	 ‘weather’	 (57%),	 ‘software’	
(14%),	 ‘community’	 (14%)	 and	 ‘science’	 (14%)	 and	 during	 their	 short	 stay	 made	 contributions	
within	the	project.	Six	out	of	twelve	members	completed	the	survey;	the	respondents	consist	of	
three	beginners,	two	intermediates	and	one	expert.	Four	out	of	six	were	not	active	at	the	end	of	
the	project	as	they	“participate	 in	other	citizen	science	projects”,	“lack	of	 time”	and	“joined	 late	
and	 did	 not	 get	 around	 to	 participating	 in	 any	 of	 the	 projects”;	 the	 remaining	 two	 are	 new	
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members.	 Three	 reported	 feeling	 like	 members	 of	 the	 community	 due	 to	 the	 “updates”	 or	
because	although	 they	are	new	members	 they	“could	 see	 themselves	as	active	members	of	 the	
community”	and	four	would	remain	 in	 the	project.	 ‘Attentive’	 (20%)	and	 ‘excited’	 (20%)	are	the	





project	“I	 liked	what	 I	 saw,	 I	am	not	 sure	 for	 the	people	who	 joined	at	 the	beginning	and	 there	
were	 no	 missions”.	 Yet,	 an	 intermediate	 member	 found	 the	 “level	 of	 discussion	 lower	 than	
expected”.		
(b) Hesitant	 Visitors	 group	 consists	 of	 17	 members,	 of	 which	 twelve	 responded	 to	 the	
questionnaire;	 eight	 beginners,	 one	 intermediate	 and	 three	 experts.	 A	 main	 thing	 that	
differentiates	 this	 group	 from	all	 the	 other	 categories	 is	 that	 only	 four	 out	 of	 twelve	members	
joined	because	of	 the	 topic	and	hence	 it	was	mentioned	 four	 times	 (33.3%).	A	motive	of	equal	
importance	to	the	topic	was	‘friends’	followed	by	‘software’,	‘community’	and	‘interest’.	Four	out	
of	twelve	left	the	project	because	they	had	“no	time”	or	they	found	the	software	“complicated”;	
three	 members	 feel	 like	 members	 of	 the	 community.	 The	 main	 attitude	 of	 hesitant	 visitors	
towards	 the	project	was	 ‘interested’	 (38%)	 followed	by	 ‘enthusiastic’	 and	 ‘active’.	However,	 for	


















‘enthusiastic’	 and	 ‘active’.	 A	 comment	 by	 a	member	 is	 “I’m	 feeling	 ashamed	 and	 guilty	 for	 not	
doing	anything	due	to	the	lack	of	time”.	Overall,	the	fact	that	three	out	of	four	would	like	to	stay	
in	the	project	in	combination	with	their	comments	indicate	their	satisfaction	with	the	project:	“I	























Surveyed	 9	 4	 14	 4	 6	 12	 4	
Beginners	 4	 4	 8	 3	 3	 8	 2	
Intermediate	 4	 0	 5	 1	 2	 1	 0	





















































































not	 described	 based	 on	 activity	 profiles	 rather	 with	 examples	 of	 activity	 with	 people	 who	
primarily	 engaged	 in	 the	 particular	 type	 of	 activity,	 or	 had	 exceptional	 participation.	 The	
description	of	the	activities	is	based	on	the	log	files	and	survey	responses.		
6.4.3.1 Mission	Creation	
Weather-it	 community	 allowed	 participants	 to	 create	 their	 own	 personally	meaningful	 mission	
and	invite	other	people	to	facilitate	the	investigation	(e.g.	Figure	67).	Seven	out	of	the	58	active	






recording,	 pictures	 and	 ideas).	 An	 ‘extreme	 contributor’	 who	 distinguished	 himself	 with	 the	
enormous	 amount	 of	 data	 contributions	was	Boreas.	Member	 ‘Boreas’	 heard	 about	Weather-it	
from	 iSpot	 and	 he	 was	 motivated	 to	 join	 by	 the	 topic	 and	 his	 scientific	 interest.	 Boreas	 is	 a	
beginner	as	he	 said	he	only	knows	“a	 small	bit	 such	as	 cold	 front	and	 that	knots	are	how	wind	
speed	is	measured”.	Once	he	registered	with	Weather-it,	he	joined	two	Spot-it	missions,	‘Identify	




































Off	 topic	 forum	posts:	 a	 few	members	 got	 engaged	 in	 discussion	which	was	 not	 related	 to	 the	
topic	 of	 the	 project.	 Five	 different	 threads	 of	 diverse	 topics	 were	 created	 (chat,	 travelling,	
Christmas,	 photography,	 and	 socks)	 with	 a	 total	 of	 39	 forum	 posts.	 Off-topic	 discussion	 was	 a	
significant	 aspect	 of	 the	 community	 as	 it	 supported	 communication	 and	 enhanced	 bond-based	
commitment	 between	 the	 members.	 A	 forum	 post	 example	 is	 Austru’s,	 who	 joined	 the	
community	 because	 of	 her	 friends	who	were	 already	members.	 She	 posted	 in	 several	 off-topic	
forum	 threads	 to	 spark	 discussion	 with	 other	 members	 of	 the	 community	 (Figure	 71).	 In	 the	
questionnaire	 she	 stated	 that	 Weather-it	 “is	 a	 community	 that	 inspires	 interaction	 with	 the	
content	 (missions)	and	people”.	Austru’s	 suggestions	on	 improving	 the	 community	 focus	on	 the	







Many	members	 although	 they	 have	 joined	missions	 did	 not	 proceed	 to	 any	 other	 activity	 and	
remained	 ‘Watchers’	 of	 the	 community.	 An	 example	 is	 member	 ‘Foehn’.	 Foehn	 heard	 about	
Weather-it	 from	 iSpot.	 He	 joined	 the	 project	 as	 he	 found	 the	 topic	 interesting;	 he	 had	 some	
experience	 of	 weather	 through	 his	 “OU	 studies	 on	 environmental	 sciences	 which	 include	
meteorology	and	 climate	 change”.	 After	 viewing	 some	pages	he	became	a	member	of	 ‘Climate	
Change’	Win-it	mission	as	he	said	“I	wanted	to	test	my	written	communication	skills”.	Foehn	did	
not	 post	 any	 ideas/comments	 on	 the	mission	nor	 voted	 for	 his	 favourite	 one.	He	 returned	 five	
days	 later	 to	 view	 the	 same	mission	without	 interacting	 in	 any	other	way.	However	 Foehn	was	
satisfied	 with	 the	 community:	 “it	 exceeded	 my	 initial	 expectations	 in	 the	 range	 and	 quality	 of	
responses	and	contributions”.	
6.4.4 Self-report	on	engagement/disengagement		
Beyond	 the	 clustering	 and	 the	 observations,	 members	 were	 also	 asked,	 indirectly,	 about	 the	
reasons	 they	 got	 engaged	 or	 disengaged	 with	 the	 community.	 This	 section	 provides	 the	 main	
engagement/disengagement	themes	and	the	members’	quotes	behind	them.		
6.4.4.1 Engagement	






The	 word	 cloud	 suggests	 that	 main	 factors	 for	 one	 to	 like	 Weather-it	 were	 the	 pictures,	 the	
missions,	 the	 project	 idea,	 the	 topic	 of	 the	 project	 (weather),	 contributing,	 the	 clouds,	 the	
































about	 the	 topic”	 and	Spot-it	“because	 you	 can	upload	pictures	 from	everywhere”.	 Furthermore,	
when	 questionnaire	 participants	 (n=43)	 answered	 about	 which	 type	 of	 mission	 they	 preferred	
73%	had	a	 single	preference,	19%	preferred	 two	 types	of	missions	and	only	8%	had	no	 specific	
preference.		










are	 all	 contributed	 by	 different	 members	 within	 the	 community.	 Everyone's	 work	 is	 different”	






“I	was	new	 to	 the	 idea	of	people	 from	all	around	 the	world	 collaborating	and	contributing	with	
ideas	or	data	for	the	same	goal.”	(Zephyros)	
























Several	 members	 also	 mentioned	 the	 interactions	 in	 the	 community	 as	 the	 reason	 they	 liked	
Weather-it.	 For	 instance,	 a	 short	 statement	 by	 Zephyros	 praises	 the	 community	 environment	
which	facilitated	narrower	connections	between	the	members:	
“Weather-it	 is	 not	 impersonal	 and	 cold,	 like	 some	 other	 platforms	 I	 tried.	 On	 the	 contrary,	 it	
promotes	user	interaction	and	close	relations.”	(Zephyros)	
Concept	
A	 number	 of	 responses	 focused	 on	 the	 underlying	 concept	 behind	 the	 project.	 Weather-it	
members	were	informed	at	their	registration	about	Citizen	Inquiry	being	the	theory	that	supports	
the	 Weather-it	 project.	 The	 following	 comments	 show	 that	 participants	 had	 a	 liking	 for	 this	
concept	regardless	of	whether	they	were	aware	of	it.	For	instance,	member	Cumulus	liked	“That	
you	 could	 start	 your	 own	 mission	 and	 people	 would	 follow	 and	 help”.	 Creating	 your	 own	
investigation	 according	 to	 your	 interests	 and	 everyday	 experience	 of	 science	 is	 one	 of	 the	 key	
aspects	 in	 Citizen	 Inquiry.	 Cumulus	 who	 had	 created	 a	 Win-it	 mission	 with	 other	 members	
contributing	 to	 her	 investigation,	 appreciated	 this	 opportunity	 and	 nQuire-it	 feature	 of	
commencing	a	mission.		
On	 the	 other	 hand,	 people	 who	 had	 not	 created	 their	 own	mission,	 but	 contributed	 to	 other	
members’	 missions,	 liked	 the	 fact	 that	 they	 were	 “feeling	 helpful”	 (Mistral).	 Moreover,	 some	
members	considered	their	participation	as	pleasure.	For	instance:		









There	 was	 also	 a	 comment	 that	 referred	 to	 the	 way	 that	 investigations	 were	 conducted,	 in	 a	









When	 Boreas	 was	 asked	 during	 his	 interview	 whether	 he	 noticed	 any	 differences	 between	
Weather-it	and	other	citizen	science	projects,	he	responded	“not	really,	maybe	Weather-it	is	more	







“Very	 enjoyable	 and	 an	 excellent	 way	 of	 getting	 people	 into	 scientific	 investigations	 without	
making	it	too	difficult.”	(Brisa)	
Her	 idea	 regarding	Weather-it	 community	 focused	 on	 the	 citizen	 participation	 aspect	 that	 she	
thought	 was	 very	 “enjoyable”	 and	 not	 “too	 difficult”.	 This	 comment	 may	 suggest	 that	 more	
exploration	 must	 be	 done	 on	 the	 impact	 of	 ‘not	 too	 difficult	 scientific	 investigations’	 on	 the	
members’	scientific	learning.		
6.4.4.2 Disengagement	
The	questionnaire	participants	were	asked	whether	 they	are	 still	 active	members	 in	Weather-it	
























“I	 think	the	Weather-it	project	 is	 interesting	and	has	been	very	well	promoted,	and	 in	principle	 I	
would	 love	 to	 take	part,	 but	 I	 am	 involved	 in	many	 volunteer	 recording	projects	 for	 biodiversity	
and	simply	haven't	managed	to	find	the	time	to	take	part	in	this	project	as	well.”	(Barber)	





lots	of	 stuff”	and	 thus	he	was	asked	 to	elaborate	on	his	 response	during	his	 interview.	He	 then	
explained	 that	 he	 was	 a	 teacher	 in	 his	 first	 year	 in	 a	 new	 class	 and	 that	 he	 was	 also	 getting	















Several	other	members,	even	 though	 they	were	 interested	 in	weather,	did	not	 find	anything	of	
their	 interest	 in	 the	 community	 and	 thus	 dropped	 out.	 For	 instance,	member	 Brisote	wrote:	 “I	
didn’t	find	anything	that	interested	me.”		
Finally,	 some	members,	 registered	 with	Weather-it	 because	 they	 were	 interested	 in	 a	 specific	





“I	didn't	know	much	on	 the	subject,	and	due	 to	 that	 I	wasn't	 sure	 that	 I	 could	contribute	 to	 the	
subject	efficiently.”	(Sumatra)	
The	particular	member	was	a	beginner	that	had	“never	actually	studied	anything	relevant	to	the	
weather	 conditions	 or	 even	 physics”	 as	many	 other	members	 in	 the	 community.	 However,	 her	
concern	about	not	being	useful	was	obvious	in	her	other	responses.	For	example,	she	asked	that	




members	 with	 the	 best	 performance	 in	 order	 to	 motivate	 increased	 participation	 and	
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An	 initial	 observation	was	 that	 although	Win-it	missions	were	 providing	 prizes,	 they	 had	 fewer	








Another	 type	of	 award	was	 the	prize	 for	 the	 top	 contributor	 and	 the	best	 photographer	which	
were	changing	receivers	every	month.	Most	of	the	members	who	received	those	prizes	seemed	to	




should	 include	 a	 discussion	 on	 whether	 tables	 with	 scores	 would	 make	 members	 more	
competitive	and	engaged	with	the	activities	or	would	put	them	off	contributing.		
6.4.6 End	of	project	engagement	
Section	 5.5.1	 described	 the	 role	 of	 the	 e-moderator	 in	 Citizen	 Inquiry	 as	 essential	 as	 it	 is	
connected	 to	 not	 only	 the	 creation	 of	 the	 community	 but	 also	 the	 sustaining	 of	 participation.	
However,	the	facilitation	by	the	e-moderator	ended	gradually	after	the	completion	of	the	project	


























(Section	 6.4.1)	 with	 Relative	 activity	 duration	 equal	 to	 0.43,	 in	 comparison	 to	 volunteers	 of	
contributory	citizen	science	projects,	with	roughly	periodic	visits	and	their	activity	level	was	more	
similar	to	the	volunteers	in	Galaxy	Zoo.	The	engagement	metrics,	combined	with	findings	from	the	
survey,	 have	 produced	 information	 on	 the	 overall	 level	 of	 engagement	 and	 the	 individual	
engagement	profiles.		
The	engagement	profiles	are	labelled	as	follows:	loyal,	hardworking,	persistent,	lurker	and	visitor.	
The	 highest	 percentage	 of	 members	 falls	 into	 the	 ‘visitor’	 category	 while	 ‘loyal’	 category	 is	
recognized	as	the	most	desirable	as	members	of	this	category	remain	both	linked	in	and	active	in	
the	 project.	 Additionally,	members	who	 have	 bond-based	 commitment	with	 other	members	 in	
the	 project	 seem	 to	 stay	 linked	 to	 it	 the	 longest,	 and	 science	 experts	 tend	 to	 be	 in	 a	 ‘visitor’	
engagement	profile.	
Members	were	engaging	with	a	variety	of	activities	and	thus	clustering	them	in	profiles	based	on	
their	 activity	 was	 not	 possible.	 The	 type	 of	 activities	 that	 took	 place	 in	 the	 community	 were	
mission	creation,	commenting,	voting,	 forum	posts	and	browsing.	However,	many	members	did	
not	 become	 actively	 engaged	 in	 any	 activity	 but	 browsing.	 Moreover,	 some	 members	 had	
exceptional	 participation	 in	 a	 type	 of	 activity,	 for	 instance,	 creating	many	 data	 items	 (extreme	
contributor),	 voting	 for	 data	 and	 comments	 (voter),	 and	 commenting	 on	 data	 and	 comments	
(commenter).	
Factors	that	support	members’	engagement	in	the	community	include	aspects	around	the	variety	
in	 the	 community,	 the	 Weather-it	 social	 and	 interactive	 aspect,	 and	 the	 concept	 behind	 the	
project,	which	allows	non-experts	to	conduct	their	own	investigations	in	collaboration	with	other	
members	 and	 contribute	 to	 other	 investigations.	 Software	 is	 a	 cause	 of	 both	 engagement	 and	




Prizes	 and	awards	did	not	play	 a	 significant	 role	 in	members’	 preferences	on	missions	 and	was	
only	referred	to	by	a	single	member	as	a	positive	factor	in	the	project.	An	exception	was	a	Win-it	
mission	 close	 to	 the	 end	 of	 the	 project,	 which	 sparked	 conflict	 with	 negative	 votes.	 Lack	 of	 a	
comparative	scores	table	may	be	the	reason	that	the	members	were	not	very	competitive.		
Finally,	 the	 reduced	 number	 of	 contributions	 after	 the	 end	 of	 the	 project	 highlights	 the	




rough	 description	 of	 the	missions	 took	 place	 in	 the	 overview	 of	 this	 chapter	 (Section	 6.2).	 The	
investigations	that	unfolded	for	the	missions	are	described	in	the	following	parts	of	this	section,	
focusing	 on	 the	 relation	 between	 members	 and	 missions	 and	 analysing	 the	 features	 and	
participation	 of	 each	mission.	 The	 description	 of	 the	missions	 is	 followed	 by	 a	more	 thorough	
examination	of	the	 individual	 inquiries,	 the	 inquiry	behaviour,	and	the	relationship	between	the	
members,	 the	 community	 vocabulary,	 and	 the	 reflective	writing	 in	 a	 forum	 thread.	 The	 section	





the	 largest	 number	 of	 memberships	 is	 the	 ‘Identify	 the	 cloud’	 Spot-it	 mission,	 with	 41	
memberships	from	Weather-it	people.	The	second	most	popular	mission	is	 ‘Record	the	sunlight’	
Sense-it	mission	with	27	Weather-it	members.	The	third	place	is	shared	by	three	missions	with	16	











seems	 to	 be	 well	 interconnected	 with	 the	 Weather-it	 missions	 and	 joined	 by	 the	 members.	
However,	 the	Google	Analytics	page-view	reveals	 that	 the	 largest	number	of	pages	 that	visitors	
looked	at	on	the	nQuire-it	site	is	for	the	Spot-it	missions	‘Identify	the	cloud’,	‘Snowflake	spotting’	
and	‘Sunset’	with	2525,	1001	and	435	views,	respectively.		
Figure	 76	 shows	 the	missions	 which	 tend	 to	 be	 chosen	 together,	 separated	 in	 Sense-it	 (blue),	
Spot-it	(green)	and	Win-it	(red)	mission	types.	The	graph	suggests	that	none	of	the	mission	types	
is	 dominant	 as	 they	 cover	 almost	 equal	 percentages:	Win-it	 37.5%,	 Sense-it	 33.3%,	 and	 Spot-it	
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29.2%.	 Moreover,	 the	 modularity	 algorithm	 equals	 to	 0.08,	 indicating	 weaker	 ties	 within	 the	
mission	types	and	stronger	ties	with	other	mission	types.		
We	can	see	that	 the	Weather-it	members	may	be	 interested	 in	a	single	Weather-it	mission	and	
this	might	also	be	the	reason	they	have	joined	the	community,	but	we	can	also	see	members	who	
are	interested	in	general	in	investigation	and	they	join	not	only	weather	missions,	but	also	other	
missions	 available	 on	 the	 nQuire-it	 platform.	 The	 three	 Spot-it	missions	 that	 have	 the	 greatest	



































help	 of	 the	 cloud	 spotting	 guide	 (MetOffice)	 or	 the	 community.	 As	 Spot-it	 missions	 are	 open-
ended	and	accommodate	many	inquiries,	‘identify	the	cloud’	became	the	most	popular	mission	in	
Weather-it,	 counting	 41	 active	 participants	 and	 159	 inquiries	 –	 only	 Weather-it	 members	
included.	Of	those	picture	inquiries,	almost	three	quarters	(112)	received	identification	responses	
and	slightly	fewer	than	half	 (65)	had	follow-up	comments	on	the	 identification.	Also,	two	out	of	


















Creating	 Sense-it	 missions	 was	 not	 as	 popular	 as	 other	 types	 of	 missions,	 probably	 because	 it	




result,	 except	 from	 the	exemplar	 ‘Record	 the	 sunlight’	mission,	only	one	more	Sense-it	mission	
was	created.		
Air	Pressure	and	rainfall	recorded	16	contributions	in	a	period	of	5	weeks.	The	contributions	were	
made	mainly	 in	Milton	Keynes,	with	one	exception	which	was	made	 in	London,	by	 four	people.	
The	conclusions	of	 the	analysis	by	an	nQuire-it	member	 (the	analysis	was	not	published	on	 the	
platform)	 has	 shown	 that	 in	 most	 of	 the	 cases	 the	 less	 the	 pressure	 the	 rainier	 the	 weather.	
However,	 there	were	 two	measurements	 not	 following	 this	 observation.	 Although	 this	mission	
was	 available	 for	 as	 long	 as	 the	 ‘Record	 the	 sunlight’	mission,	 it	was	 less	 popular	 as	 not	many	
























Snowflake	 spotting	 was	 aiming	 to	 explore,	 around	 the	 spotted	 snowflakes,	 how	 the	 air	
temperature	affects	the	snowflakes’	shape	and	size.	Snowflake	spotting	is	an	open-ended	Spot-it	
mission	 and	 thus	 received	 88	 picture	 inquiries	 during	 the	 Weather-it	 project	 and	 engaged	 22	
Weather-it	members.	Of	the	picture	inquiries,	almost	one	third	(27)	received	comments	and	only	




more	 scientific	 comments.	 After	 the	 end	 of	 the	 Weather-it	 project	 duration	 24	 more	 picture	
inquiries	were	added	to	the	mission	by	Weather-it	and	non-Weather-it	members.		
6.5.3.3 Win-it	missions	





Win-it	mission Members Ideas 
Mission	
Comments 
Votes Completion Comments 




















Deserts 13 6 6 14 Complete 
This	mission	had	only	one	
inquiry	phase,	the	answer. 











mission	owners	were	also	maintaining	other	options	such	as	 the	number	of	 inquiry	phases	 (e.g.	
resources,	 methods,	 analysis,	 answer)	 and	 mission	 stages	 (submission	 and	 voting,	 winner	
announcement).	The	communication	was	taking	place	in	the	mission	comments	and	sometimes	in	
a	 forum	 thread	 with	 the	 same	 name	 as	 the	 mission	 topic.	 In	 the	 column	 ‘Completion’	 it	 is	
indicated	whether	 a	mission	 reached	 its	 end	 and	 thus	 completed	 all	 the	mission	 stages	 –	 idea	





than	one	 inquiry	phase,	 in	most	of	 the	cases	 the	 idea	contributors	preferred	 to	skip	 the	phases	
that	 describe	 the	 methods	 and	 resources	 and	 submit	 their	 answer	 without	 providing	 any	
information	about	their	research	process.	The	most	popular	missions	based	on	the	number	of	the	





more	 than	 one	 inquiry	 step	 for	 the	 idea	 submission	 and	 thus	 the	 participants	 published	 their	
response	 without	 any	 other	 information	 relating	 to	 their	 resources	 and	methods.	 The	mission	
duration	 was	 about	 5	 weeks	 for	 the	 submission	 stage	 and	 two	 weeks	 for	 the	 voting	 stage.	
Alongside	the	mission,	a	forum	thread	with	the	same	name	was	created	for	further	discussion	and	
hosted	eight	forum	posts.	At	the	end	of	the	voting	stage,	the	mission	creator,	who	was	a	master’s	
student	 in	meteorology	at	 that	time,	commented	on	each	 idea	 individually,	spotting	the	correct	







in	 the	 community.	 The	 following	 examples	 include	 participation	 snapshots	 by	 two	 beginners	










Member	 Cumulus	 was	 a	 beginner	 who	 liked	 to	 interact	 with	 other	 people	 and	 participated	 in	
inquiries	 with	 many	 basic	 weather	 knowledge	 questions.	 For	 instance,	 Cumulus	 posted	 a	
comment	below	a	sunshine	picture	 (Cumulus-1)	showing	her	surprise	 towards	a	London	sunset.	
She	also	observed	that	 the	colour	of	 the	sunset	 is	“yellowish”	but	did	not	proceed	to	any	other	
explanations	or	inquiries.		
"I	didn't	expect	you	could	see	a	sunset	in	London.	Is	it	a	bit	yellowish?"	(Cumulus-1)	
In	another	 item,	member	Norte	mentioned	 the	possibility	of	 ‘distrails’	 in	a	 cloud	picture.	Norte	

















Although	 her	 comment	was	 incorrect	 and	 she	 did	 not	 receive	 any	 response,	 Cumulus	was	 still	
interested	in	the	correct	answer	and	the	voting	stage	of	the	mission.	
b) Further	knowledge	






How	 does	 that	 explain	 springs	 and	 neaps?	 The	 range	 (height	 difference	 between	 high	 and	 low	
water)	is	different	every	tide	at	a	particular	place	on	a	"lunar"	monthly	cycle.	Spring	tides	(largest)	











settings.	 Data	 annotation	 is	 argued	 to	 be	 a	 very	 important	 part	 of	 communication	 among	
scientists	 (Bose,	 Buneman	 &	 Ecklund,	 2006)	 and	 even	 more	 for	 collaborative	 research	 (Gertz,	
2002).	The	nQuire-it	platform	does	not	provide	an	automatic	system	and	thus	the	members	had	
to	do	 it	manually	after	 following	 the	mission	 instructions	and	other	exemplar	data	descriptions.	
The	annotation	could	either	be	in	the	title	of	the	contribution	or	as	a	comment	in	the	data	item.	
Beginner	member	Boreas	was	mostly	engaged	with	two	Spot-it	missions	‘Identify	the	cloud’	and	





The	 fact	 that	 Boreas	 was	 adding	 temperature	 to	 his	 snowflake	 captures	 indicates	 that	 he	 had	
done	 his	 inquiry	 on	 the	 factors	 that	 affect	 the	 snowflake	 types	 (Figure	 78).	 The	 changing	





vote	 for	 the	well-taken	pictures	of	 snowflakes.	Although	 she	 is	 an	expert	 in	weather	 she	was	a	












Several	 missions,	 mainly	 the	 Spot-it	 ones,	 were	 requiring	 the	 identification	 and	 further	
classification	of	 the	 inquiry	 items	by	 the	members.	 Such	missions	were	 the	 ‘Identify	 the	 cloud’,	
‘Snowflake	 spotting’	 and	 ‘Sunsets’.	 For	 the	 identification,	 members	 had	 to	 follow	 some	
identification	 guides	 or/and	 do	 their	 own	 research.	 The	 following	 examples	 of	 identifications	
derive	from	the	three	above-mentioned	Spot-it	missions.	
a) Clouds	









His	 identification	 seems	 to	 follow	 inductive	 reasoning	as	he	 recognised	 that	big	grey	clouds	are	
usually	 cumulonimbus.	 Unfortunately,	 he	 had	 not	 received	 any	 follow-up	 responses	 to	 his	
comments	 that	 would	 accept	 or	 reject	 his	 identifications	 for	 those	 items.	 However,	 in	 a	 later	
discussion	 of	 the	 moderator	 with	 an	 expert	 for	 the	 needs	 of	 this	 analysis,	 it	 was	 shown	 that	
statement	B1	was	correct	but	statement	Boreas-2	was	incorrect.		
Boreas,	although	he	did	not	receive	any	responses,	got	engaged	 in	discussions	over	some	other	
items.	 An	 example	 is	 the	 identification	 of	 two	 cloud	 items	 in	 a	 picture	 that	 he	 had	 posted.	
Member	Stratus	identified	the	items	with	an	informative/starter	comment	below	the	picture	and	




Similarly,	Ostria	 attempted	 to	 identify	 the	 cloud	 picture	 items,	 recognising	 two	 types	 of	 clouds	















Both	 Ostria	 and	 Norte	 identified	 the	 stratocumulus	 and	 altostratus	 clouds	 with	 Norte	 being	
uncertain	about	 the	categorisation	as	 the	cloud	 features	are	not	 that	distinct.	However	Ostria’s	
and	Norte’s	potential	categorisation	match	as	the	“foreground”	clouds	are	“the	grey	ones”.	Ostria	
had	also	 attempted	 to	 identify	 the	 lowest	 clouds	 that	 the	 cloud	expert	member	avoided,	more	
likely	because	of	the	unclear	characteristics.		
Likewise,	in	comments	Stratus-1	and	Stratus-2,	Stratus	(a	member	of	intermediate	expertise)	tried	




Stratus	 in	 the	 above	 comments	 suggested	 identifications	 but	 asked	 the	 item	 providers	 more	
questions	 about	 the	 settings	 of	 the	 cloud	 captures.	 Unfortunately,	 he	 did	 not	 receive	 more	
information	 and	 thus	his	 identification	 effort	 on	 those	 items	 remained	 stationary.	However,	 he	
kept	being	engaged	with	others’	investigations.	For	instance,	in	a	cloud	picture	member	Suestado	
identified	 the	 clouds	 as	 “stratus	 fractus”	 giving	 away	 information	 about	 their	 shape	 and	
acceleration:		













The	 comments	 by	 Boreas	 indicate	 his	 effort	 to	 recognise	 the	 aspects	 that	 count	 for	 the	
identification	process	and	take	part	 in	the	discussion	and	 inquiry.	Remarkable	 is	the	uncertainty	
























By	 that	 point,	 the	 posted	 items	 came	 from	 countries	 such	 as	 Cyprus	 and	Morocco	 presenting	




weather	 expert	 and	 non-expert	 members	 interacting	 on	 nQuire-it	 and	 collaborating	 for	 the	
investigations.	 This	 section	 analyses	 the	 patterns	 of	 interaction	 between	 and	 within	 the	 two	
groups.	
6.5.5.1 Imitation	
One	 of	 the	 behaviours	 that	 was	 noticed	 in	Weather-it	 was	 non-experts	 imitating	 experts.	 The	
following	comment	has	been	made	by	an	expert	below	a	picture	with	a	cloud	 item.	The	picture	
was	 showing	 a	 “very	 faint	 cloud”	 on	 the	 sky	 (Figure	 79).	 An	 expert’s	 comment	 on	 that	 picture	
focused	on	the	fact	that	the	horizon	was	not	captured	and	thus	the	altitude	cannot	be	estimated.	
This	comment	took	place	on	the	22nd	of	January.		















Some	 other	 interactions	 between	 expert	 and	 non-expert	 members	 were	 mainly	 informative,	
transmitting	 knowledge	 from	 the	 one	 group	 to	 the	 other.	 For	 instance,	 the	 following	 dialogue	
began	with	 an	 informative	 comment	 by	 an	 expert	 on	 a	 cloud	 item.	 The	 expert	 explains	 how	 a	
status	and	a	nimbostratus	cloud	may	differ	by	giving	their	definition	in	the	English	language.		
Brisote:	 “Great	example	of	 stratus	 cloud.	 If	 it	was	 raining	 then	 it’s	a	nimbostratus	 cloud.	nimbo	
means	rain	and	stratus	means	covers	the	whole	sky.	These	are	my	least	favourite	clouds!”	
Cumulus:	“So	the	words	are	meaningful!?”	
Brisote:	 “Yep	 they	are	meaningful.	 I	 think	 the	names	mostly	 come	 from	Latin	and	described	 the	
















In	 a	 second	 dialogue,	 there	 is	 an	 example	 of	 non-expert	 to	 expert	 interaction,	where	 the	 non-
expert	 identifies	 the	 cloud	 item	 of	 the	 picture	 and	 the	 expert	 acknowledges	 her	 effort	 and	
provides	some	more	information	about	the	identified	cloud.	
Sharki:	“a	cumulonimbus”	
Arcus:	 “Nice	 winter	 cumulonimbus	 cloud.	 During	 late	 autumn	 and	 winter	 strong	 convection	
develops	across	 the	English	Channel	when	colder	airstreams	 (such	as	polar	maritime	air	arriving	
from	 the	northwest)	 cross	 the	warm	 seas.	 Significant	 increase	of	wind	with	 height	 (wind	 shear)	
causes	the	upper	(anvil)	part	of	the	shower	cloud	to	shear	downwind.”	
6.5.5.4 Mentoring:	experts	to	non-experts	
Mentoring	 by	 experts	 was	 the	 most	 common	 type	 of	 interaction	 between	 experts	 and	 non-






Norte:	 “By	 their	dark	color	we	can	 tell	 that	 they	are	 low	clouds.	Noctilucent	would	be	very	high	
and	white	due	to	the	light	they	get	from	the	below-the-horizon	sun.”	
In	 this	 first	 example,	 a	 non-expert	 made	 an	 effort	 to	 identify	 a	 night	 cloud	 item.	 The	 use	 of	
quoting	marks	 shows	 that	 she	 looked	 it	 up	 in	 a	 cloud	 identification	 guide	 and	 then	posted	 the	








In	 this	 second	 example,	 the	 dialogue	 started	 with	 a	 cloud	 item	 identification	 by	 the	 expert	
member	Norte	 and	 a	 follow-up	 question	 by	 the	moderator,	Maria,	who	 is	 a	 non-expert.	Maria	
asked	more	 details	 on	 how	 the	 expert	 came	 to	 that	 identification.	 The	 conversation	 continued	




expert	members	 with	 some	 experience	 of	 weather	 were	 providing	 advice	 to	 other	 non-expert	













Taku:	 “I	 used	 temperature	 in	 the	 morphology	 diagram	 to	 identify	 potential	 snowflake	 types.	 I	
could	 not	 convert	 relative	 to	 absolute	 humidity	 to	 narrow	 down	 the	 snowflake	 types	 more	
precisely	using	the	morphology	diagram.	Using	-7	degrees	C,	93%	relative	humidity	converted	to	
g/m3	the	snowflake	type	should	be	needles	according	to	the	snowflake	morphology	diagram.”	










Another	piece	 in	 the	 interaction	pattern	was	 the	opposite	 to	some	of	 the	 identifications.	 In	 the	
previous	 section	 there	 were	 cases	 where	 the	 expert	 did	 not	 agree	 with	 the	 non-expert’s	
identification.	 As	 a	 result,	 he	 responded	with	 a	 comment	 in	 the	 form	 of	 advice	 relating	 to	 the	
incorrect	 identification.	 However,	 in	 some	 cases	 there	 were	 experts	 with	 conflicting	
identifications	 for	 the	 same	 cloud	 item.	 An	 example	 is	 the	 following	 pair	 of	 comments	 by	 the	
expert	members	Norte	and	Arcus.		
Norte:	“Stratus	here	(where	the	picture	was	taken),	and	nimbostratus	in	the	horizon.”	
Arcus:	 “Looks	as	 if	 this	may	be	a	developing	 cumulonimbus,	 in	 view	of	 the	dark	base	and	 some	
precipitation	trails	falling	in	front	of	the	clearance	in	the	distance.”	
Norte	was	the	first	to	provide	identification	for	the	cloud	item	and	then	Arcus	provided	a	different	
one.	However,	Arcus	did	not	direct	 his	 response	 to	Norte	nor	 came	 into	 conflict	with	him.	 The	




A	more	 interesting	 type	 of	 interaction	 was	 that	 of	 a	 non-expert	 being	 opposed	 to	 an	 expert’s	
identification.	The	members’	level	of	expertise	was	not	available	to	the	other	members	and	thus	
they	could	only	 judge	themselves	whether	somebody	might	have	been	an	expert.	The	following	
dialogue	 unfolded	 below	 a	 cloud	 picture	 and	 is	 an	 example	 of	 this	 type	 of	 opposition.	 Expert	










(Brisote)	 came	 to	 approve	 Barat’s	 identification	 and	 oppose	 to	 the	 first	 one	 given	 by	 the	 first	
expert	member.	There	was	not	any	further	argumentation.		
6.5.6 Community	vocabulary	progress	
Language	 constitutes	 a	 part	 of	 the	 scientific	 culture	 and	 evidence	 that	 members	 endorse	 the	
language	 of	 the	 field.	 This	 section	 investigates	 the	 language	 within	 the	 community,	 exploring	
whether	there	was	a	vocabulary	progress	during	the	Weather-it	project	period.	
Further	analysis	of	the	frequently	used	vocabulary	focused	on	the	progress	of	the	language	week	
by	 week.	Word	 clouds	 were	 produced	 exhibiting	 the	 words	 that	 the	 community	 used	 at	 least	
twice	every	week.	The	method	was	not	that	successful	as	the	amount	of	words	during	the	second	
stage	 of	 the	 community	 evolution	 (see	 Section	 6.3.5)	 was	 insufficient	 to	 produce	 comparable	
word-clouds.	However,	some	comparisons	between	weeks	were	still	available.	
The	following	pictures	(Figure	81)	show	the	vocabulary	of	the	first	(left)	and	second	(right)	week	in	
Weather-it	 community.	 The	 darker	 and	 larger	 the	word	 the	more	 important	 it	was	 during	 that	
period.	 As	 shown,	 the	 dominant	 words	 during	 the	 first	 week	 were	 types	 of	 clouds,	 such	 as	










the	 other	 hand,	more	members	 joined	 the	 community	 during	 the	 second	week,	who	were	 still	
discovering	 the	 community	 and	 its	 potential	 and	 therefore	 a	 more	 broad	 vocabulary	 was	
produced.		
An	interesting	word-cloud	(Figure	82)	was	the	one	produced	by	the	vocabulary	of	the	last	week.	In	
this	 last	 snapshot	 of	 Weather-it	 community,	 words	 like	 ‘degrees’,	 ‘morphology’,	 ‘diagram’,	








truly	 interested	 in	 investigating	and	 learning	more	about	weather	(e.g.	 ‘Cumulus’,	 ‘Status’,	etc.).	
As	 a	 result,	 the	 interaction	 between	 those	 members	 (see	 Chapter	 5.5)	 possibly	 reproduced	
scientific	and	weather-wise	important	words.		
6.5.7 Self-report	on	learning	experience	
Questionnaire	 respondents	 (n=28)	 answered	 about	what,	 if	 anything,	 they	 have	 learned	 that	 is	
new	 or	 interesting	 through	 their	 participation	 in	 Weather-it	 (Figure	 83).	 The	 majority	 of	 the	
questionnaire	 responses	 (18)	were	 focused	on	knowledge	 relating	 to	 the	domain	of	 the	project	
and	the	mission	topics.	Two	out	of	eighteen	references	mentioned	aspects	related	to	‘technology’	
alongside	 the	 knowledge	 and	 three	 stated	 technology	 as	 their	 only	 learning	 experience.	 Three	











Several	 respondents	 outlined	 how	 they	 learned	 about	more	 than	 one	 topic	 as	 they	 had	 joined	
more	missions.	
“That	 there	 are	 mixed	 types	 of	 clouds	 and	 some	more	 interesting	 information	 from	 the	 forum	
about	waves	and	severe	weather.”	(Levanto)	
“I	learnt	about	clouds	and	atmosphere	on	Earth	and	Mars.”	(Sundowner)	

































the	 Rock	 Hunter	 and	 some	 that	 can	 be	 done	 from	 inside.	 This	 may	 then	 encourage	 people	 to	
extend	themselves	and	do	"deeper"	research	like	the	R[ock]	H[unters]	one.	I	liked	the	RH	one	as	it	




















Weather-it	 was	 set	 up	 as	 a	 citizen	 participation	 community	 that	 allows	 citizens	 to	 join	
investigations	 or	 conduct	 their	 own	 inquiry	 and	 invite	 other	 people	 to	 join.	 The	 interview	







The	 same	 interviewee	 highlighted	 the	 citizen	 participation	 side	 of	 the	 community	 and	 that	 the	
creation	of	interesting	investigation	topics	may	encourage	people	to	participate	in	science.		



















“There	were	people	 (experts	 and	non-experts)	 that	 enthusiastically	 attended	every	mission.	 This	
means	that	Weather-It	succeeded	in	its	cause.	It	was	overwhelming	to	see	that	people	made	their	
research	 and	 tried	 to	 answer	 in	 weather-related	 questions	 (away	 from	 their	 fields	 of	 study)	 or	
participate	in	the	data	collection	missions.”	(Norte)		
Inquiry	


























Engagement	 with	 scientific	 investigations	 was	 one	 of	 the	 main	 benefits	 for	 the	 participants.	
However,	 one	 of	 the	 experts/interviewees	 acknowledged	 benefits	 for	 the	 experts	 and	 the	
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“If	 this	 is	well-advertised	 and	 the	 participation	 is	 large	 it	 can	 be	 very	 useful	 to	 the	 scientists	 as	
well.”	(Norte)		
Suggestions	
The	 interviewees	 were	 asked	 if	 there	 is	 something	 they	 would	 change	 to	 make	 Weather-it	
community	more	effective.	Their	suggestions	focused	on	many	aspects,	including	the	number	and	
type	 of	 forum	 topics,	 recruitment	 and	 type	 of	 members,	 and	 the	 technology	 used	 for	 the	











the	 spirit	 of	 the	 community	 by	 sustaining	 the	 ratio	 between	 the	 expert	 and	 the	 non-expert	
members	so	that	the	latter	won’t	be	put	off.	Also,	he	advised	that	the	platform	will	stay	clear	of	
advertisements	and	preserve	its	character.	
“There	 are	 two	 suggestions	 from	my	 side	 in	maintaining	 this.	 One	 is	 to	 keep	 a	 low	 number	 of	
experts.	 A	 large	 number	 of	 experts	 would	 turn	 the	 discussions	 into	 scientific	 debates	 between	
them	and	this	would	drive	the	non-experts	away.	After	all,	one	of	the	community's	main	causes	is	
to	engage	 the	non-experts	 into	exploring	nature.	A	 second	 suggestion	 is	 to	keep	 the	absence	of	














preferences.	Members	may	 be	 interested	 in	 any	 available	mission,	 in	Weather-it	missions,	 in	 a	
specific	 type	 of	mission	 (Sense-it,	 Spot-it,	Win-it)	 and	 in	 a	 particular	mission.	 Although	we	 can	
recognise	 the	 most	 popular	 missions,	 there	 is	 an	 interconnection	 between	 the	 mission	
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memberships	 and	 type	 of	 missions,	 which	 does	 not	 allow	 us	 to	 draw	 a	 pattern	 for	 co-joining	
missions	and	considering	a	specific	type	of	mission	as	dominant.	
The	exemplar	missions	 that	were	produced	at	 the	pre-birth	 stage	of	 the	 community	completed	
their	inquiry	circles	by	attracting	participants	and	contribution,	constituting	the	paradigm	for	the	
first	members	of	the	community.	‘Record	the	sunlight’	produced	a	comparative	diagram	with	the	
average	 sunlight	 of	 each	 participating	 city	 during	 the	 recording	 period,	 ‘Identify	 the	 cloud’	
attracted	a	number	of	 individual	picture	 inquiries	and	discussions,	and	 ‘Earth	Vs	Mars’	 received	
sufficient	ideas	and	votes	to	announce	a	winning	contributor.		
‘Air-pressure	 and	 rainfall’	 was	 the	 only	 Sense-it	 mission	 created	 by	 Weather-it	 members	 and	
received	 contributions	by	 few	participants	 as	not	many	mobile	devices	 supported	a	barometer.	
On	 the	 other	 hand,	 Spot-it	 missions	 were	 the	 most	 popular,	 gathering	 active	 participants,	
inquiries	and	discussions.	Win-it	missions	were	 the	easiest	 for	members	 to	 create	and	 received	




were	 engaged	 in:	 content	 knowledge,	 annotation	 and	 identification	 skills	 and	 detecting	 and	
breaking	down	misconceptions.	 Furthermore,	 different	behaviours	were	developed	during	 their	
participation.	A	frequent	behaviour	is	uncertainty	when	responding	to	a	question	or	identifying	an	
object.	 During	 their	 effort	 they	 sometimes	 demonstrate	 confidence,	 surprise	 and	 their	
perceptions	 on	 a	 phenomenon.	 In	 return	 they	 receive	 acknowledgement,	 rejection	 or	 no	
response.		
Interaction	 between	Weather-it	members	 of	 different	 levels	 of	 expertise	 was	 one	 of	 the	main	
aspects	 of	 the	 project.	 The	 interactions	 took	 place	 between	 and	within	 expert	 and	 non-expert	









with	 the	 ‘Citizen	 Inquiry’	 concept.	 There	were	 also	 a	 few	members	 that	 learned	 nothing	 and	 a	
member	that	became	aware	of	her	low	self-esteem.	
Experts	 indicated	 that	 the	 Weather-it	 project	 and	 similar	 projects	 have	 a	 potential	 to	 engage	
citizens	with	weather	 science	 and	 stated	 their	 satisfaction	with	 the	 project	 design,	 interaction,	




Software	 is	 another	 central	 theme	 in	 this	 analysis	 as	 it	 accommodated	 the	 investigations	 and	
provided	the	inquiry	and	communication	tools	needed	for	the	investigations	and	the	collaboration	
between	the	members.	The	users’	 comments	are	separated	 in	 four	sections.	 In	 the	 first	 section	
(Section	 6.6.1)	 there	 are	 comments	made	 during	 the	 project	 and	 retrieved	 from	 the	 forum	 log	




the	 software	 improvement.	 The	 fourth	 section	 (Section	 6.6.4)	 demonstrates	 comments	 that	
reveal	 the	 software’s	 novel	 aspect.	 The	 data	 from	 the	 log	 files,	 the	 questionnaires	 and	 the	
263	
	









The	main	 theme	 that	 emerged	 from	 the	 suggestions	 forum	 thread	 during	 the	 project	 was	 the	
notification	 system	and	 its	 improvement.	Other	 themes	 included	 log-in,	 social	 technologies	and	
investigation	issues.		
Notifications:	 The	 most	 frequent	 request	 coming	 from	 the	 Weather-it	 participants	 was	 the	
establishment	of	a	notification	system	that	would	notify	them	about	tasks	and	activities:	
“It	would	 be	 great	 if	 I	 could	 receive	 a	 notification	when	 somebody	 else	 posted	 a	 comment	 in	 a	





“As	a	user	 I	would	 like	 to	get	notification	when	 I	 should	do	a	mission	 task.	For	 instance,	 for	 the	
project	'Record	the	Sunlight'	the	task	need	to	be	performed	every	day	at	13	CET.	I	would	like	to	get	
a	reminder	(app	notification)	from	the	app	a	couple	of	minutes	before	that.”	(Nashi)	
“Hi.	 I	agree	with	some	of	the	other	people	above	about	notifications.	 I	would	 like	to	be	able	get	
notifications	when	 someone	 replies	 to	one	of	my	comments.	Or	at	 least	 to	be	able	 to	 login	and	
then	find	a	link	to	all	my	new	comments.”	(Williwaw)	
The	 above	 requests	 focus	 on	 facilitating	 their	 interaction	with	 the	 community	 and	 the	 project.	
Thus,	there	are	suggestions	in	relation	to	getting	notified	when	someone	replies	to	their	posts	and	
when	 it	 is	 time	 for	a	mission	 task.	There	are	also	appeals	 for	having	direct	access	 to	all	of	 their	
personal	posts	so	that	they	will	be	able	to	review	the	updates	themselves.	Moreover,	there	 is	a	
request	 for	 having	 frequent	 updates	with	 news	 from	 the	 community.	 The	moderator	 took	 into	




“Please	make	 sign-in	 sessions	 longer.	 If	 you're	writing	 a	 long	 comment	 you'd	 probably	 have	 to	
copy	and	paste	it	after	you	have	signed	in	again..!”	(Diablo)	
	“It	would	be	nice	if	one	can	login	sense-it	app	with	an	account	different	to	@gmail...	otherwise	ppl	
have	 to	 use	 two	accounts	 in	 order	 to	 participate	 if	 they	 have	 not	 registered	 here	with	 gmail...”	
(Leste)	
The	 first	 comment	 focuses	on	 the	duration	of	 the	 session	 time	which	 seemed	 to	bother	others	
users	 as	well	who	were	 trying	 to	post	 big	messages.	 The	 latter	 comment	 refers	 to	 the	 Sense-it	




Social	 technologies:	 Weather-it	 members	 were	 also	 interested	 in	 improving	 the	 social	
technologies	within	the	community.		
“In	 the	 'Identify	 the	 cloud'	mission:	 when	 you're	 actually	 looking	 at	 a	 photo,	 you	 can't	 see	 the	
name	of	 the	person	who	uploaded	 it.	 You	 can	on	 the	main	page,	 but	 not	 once	 you	 click	 on	 the	
photo	to	view	it	full	screen.”	(Ostria)	
“Suggestion:	 the	 option	 to	 reply	 to	 a	 specific	 post	 in	 a	 thread,	 rather	 than	 just	 add	a	 comment	
onto	the	bottom	of	the	list.	Would	make	it	easier	to	follow	multiple	specific	conversations	that	end	
up	taking	place	within	the	same	general	thread.”	(Ostria)	
“[…]	 I	 can't	add	pictures	 to	 the	 forum	without	having	a	 link	 to	 that	picture	 somewhere	else.	 If	 I	
take	my	own	picture	I	have	no	way	to	post	it.”	(Williwaw)	








android	phone	doesn't	have	a	 temperature	 sensor...	 It	would	be	 really	useful	 if	 I	 could	 send	 the	
data	to	the	mission	through	the	app!”	(Zephyros)	














The	 first	 two	 comments	 refer	 to	 bugs	 in	 relation	 to	 the	 ‘about’	 and	 ‘upload’	 button	 that	were	
















The	 survey	 responses	 included	 both	 positive	 and	 negative	 comments	 regarding	 the	 usability	 of	
nQuire	 toolkit.	 Some	 members	 seemed	 to	 be	 very	 satisfied	 with	 the	 nQuire-it	 structure	 and	
browsing	and	found	it	easy	to	use.	For	example:	

























	“I	 had	 some	 issues	 sometimes	 with	 logging	 in	 so	 I	 mostly	 used	 it	 from	my	 phone	 and	 had	 to	
always	log	in	every	time	I	visited	the	site.”	(Levanto)	
“I	 think	 I	 was	 confused	 by	 the	 variety	 of	 colours	 and	 lines	 and	 designs...I	 do	 not	 know	 how	 to	







However,	 the	 Sense-it	 application	 seemed	 to	 be	 the	 most	 difficult	 to	 use	 as	 although	 some	













This	 section	demonstrates	 the	 emerging	 themes	 from	 the	 survey	data	 (n=61)	 in	 relation	 to	 the	




how	 the	 members	 interacted	 with	 the	 technologies.	 Thus,	 there	 were	 suggestions	 for	 adding	










Some	other	 suggestions	were	 related	 to	 the	 investigations	and	 the	enhancement	of	 the	 inquiry	
tools	and	process.	Members	were	interested	in	being	able	to	contribute	without	joining	a	mission,	
















The	majority	 of	 the	 suggestions	 were	 regarding	 the	 communication	 aspect	 of	 the	 community.	


















	“Make	 it	 easier	 for	 people	 to	 interact	 with	 one	 another.	 For	 example,	 if	 someone	 posts	 a	
comment,	it	would	be	nice	for	me	to	be	able	to	write	their	name	and	then	they	get	a	notification	to	
say	that	 I	have	written	 in	reply	to	them	or	written	their	name.	There	were	a	few	attempts	to	do	
this	 by	 people	 from	 what	 I	 saw	 but	 I	 don't	 think	 that	 those	 attempts	 were	 always	 successful	
because	people	had	to	go	back	to	the	exact	same	page	and	check	up	on	it.”	(Williwaw)	
6.6.3.4 Mobile	features	
Members	who	are	more	 interested	 in	 the	mobile	 technology	had	 suggestions	 in	 relation	 to	 the	
enhanced	use	of	mobile	devices	in	the	project.	For	instance:		
“Facebook	login	for	Sense-it.”	(Sundowner)	
This	 member	 requested	 an	 option	 to	 login	 to	 Sense-it	 with	 a	 Facebook	 account.	 The	 current	
application	allows	only	Google	account	holders	to	login.	Another	comment	suggested	that	Spot-it	
missions	 should	 be	 linked	with	 an	 application	 similar	 to	 Sense-it	which	will	 upload	 directly	 the	
pictures	onto	the	mission	along	with	their	geo-tagging	information:	
“Maybe	 the	 option	 to	 upload	 photos	 snapped	with	 a	mobile	 phone	 directly	 to	 a	 spot-it	mission	
(including	geo-tagging	information).”	(Zephyros)	
















“It	 is	 possible	 to	 explore	 with	 simple	 technology	 we	 already	 have	 such	 as	 the	 sensors	 on	 our	
phones!”	(Williwaw)	
6.6.5 Sense-it	calibration	

















23/11/2014	 1752.2727	 1596.0646	 9%		
24/11/2014	 4113.0713	 2244.2258	 45%	
25/11/2014	 3996.5715	 2282.7585	 43%	









11/12/2014	 5117.3076	 1322.4814	 74%		
12/12/2014	 5515.9116	 1423.8214	 74%	
17/12/2014	 2509.2334	 1133.7812	 55%	
















2/12/2014	 1259.16	 580.7241	 117%	
5/12/2014	 6313.32	 3850.643	 64%	
7/12/2014	 4180.64	 4741	 13%	
9/12/2014	 2434.72	 3556.5	 46%	
10/12/2014	 672	 1487.7858	 121%	
13/12/2014	 3786.4	 2826.074	 25%	









18/12/2014	 3785.367	 3268.441	 14%	
19/12/2014	 2547.08	 3340.946	 31%	
	
The	 first	 comparative	analysis	between	mobile	devices	of	 the	 same	brand	 (Table	33)	gave	even	
less	expected	findings,	as	the	average	percentage	difference	was	as	high	as	57%	with	a	high	range	
in	 sunlight	measurements	 (SD	=	42%).	The	 second	comparison	 (Table	34)	 consisted	of	only	 two	






raises	 concerns	 about	 the	 validity	 of	 the	 Sense-it	 investigations	 and	 do	 not	 help	 in	 scaling	 the	
sensors	of	these	devices	as	was	discussed	in	Section	5.3.4.		
6.6.6 Developments	to	nQuire-it	and	Sense-it	




• Language	 option	 was	 installed	 on	 nQuire-it	 platform,	 for	 Greek	 and	 Spanish,	 with	 an	
option	for	adding	other	languages.	
• Automatic	notification	system	was	 implemented,	which	sends	notifications	to	the	user’s	
email	 address.	 The	 users	 can	 select,	 from	 their	 profiles,	 in	 which	 cases	 they	 want	 to	
receive	 notifications:	 posts/comments	 to	 a	 mission	 or	 forum	 they	 created/commented	
on.	
6.7 Summary	
The	nQuire	 toolkit	 (nQuire-it	 platform	and	Sense-it	Android	app)	went	 through	 some	 formative	
and	 summative	 evaluation.	 The	 nQuire-it	 forum	 that	 accommodated	 comments	 regarding	 the	
software	 provided	 some	 ongoing	 evaluation	 of	 nQuire-it	 and	 Sense-it	 app	 that	 helped	 in	 the	
improvement	during	the	Weather-it	project	duration.	The	forum	included	mainly	suggestions	and	
a	 bugs	 thread.	 Suggestions	 were	 related	 to	 the	 activation	 of	 notifications,	 the	 login	 duration	








1	 is	 equal	 to	 very	 easy	 and	 10	 is	 equal	 to	 very	 difficult.	 Comments	 by	 people	who	 considered	
nQuire	toolkit	easy	to	use	include	the	well	organised	platform	structure	and	the	easy	to	start	and	
maintain	missions.	Members	who	found	the	software	difficult	to	use,	mentioned	such	reasons	as	
the	overly	colourful	 interface	and	the	cumbersome	forum.	However,	Sense-it	 seemed	to	be	 the	
most	difficult	to	use	as	several	members	did	not	get	round	to	using	it	and	could	not	understand	
what	each	sensor	does.		
Suggestions	 in	 relation	 to	 the	 improvement	 of	 the	 nQuire	 toolkit	 involve	 aspects	 of	 the	 user	
interface	(e.g.	more	languages),	the	addition	of	more	inquiry	tools	and	investigation	options	(e.g.	
data	 analysis	 features)	 and	 the	 enhancement	 of	 participation	 with	 more	 communication	 tools	
(e.g.	friends,	personal	messages).	Moreover,	some	of	the	suggestions	focused	on	enhancements	
that	will	allow	more	use	of	the	mobile	phone	(e.g.	Spot-it	application).	











Chapter	 7:	 Discussion	 –	 Designing	 for	




it	 project	 (creation	 and	 sustainability	 in	 online	 community,	 engagement,	 inquiry,	 and	 software)	
and	 the	 Inquiring	 Rock	 Hunters	 project	 (inquiry,	 collaboration,	 mentoring,	 and	 software).	 The	
findings	will	be	explained	and	considered	within	 the	context	of	a	comparative	analysis	between	
these	two	design	studies	and	against	other	previous	research	on	citizen	participation	projects	and	
online	 communities.	 Each	 of	 the	 three	 research	 questions	 will	 be	 considered	 in	 turn,	 with	 the	
emphasis	 on	 exploring	 evidence	 across	 the	 two	 design	 studies.	 Thereafter,	 there	 will	 be	 a	
reflection	 on	 the	 researcher’s	 presence	 within	 the	 environment	 and	 a	 list	 with	 design	
considerations	 for	 the	 creation	 of	 future	 Citizen	 Inquiry	 and	 other	 citizen	 participation	




For	 the	 recruitment	and	 sustaining	of	members,	Citizen	 Inquiry	projects	 should	 take	account	of	
recent	 literature	on	aspects	of	online	communities	and	design	principles.	Members	may	 initially	
be	 attracted	 to	 the	 community	 for	 diverse	 reasons	 (personal	 educational	 goals,	 entertainment,	
collective	scientific	goals	etc.)	(Curtis,	2015).	According	to	research	on	design	principles	for	citizen	









people	 (46%	 learned	about	Weather-it	 from	friends/colleagues)	although	 it	 is	not	clear	whether	
word-of-mouth	 took	 place	 face-to-face	 or	 by	 electronic	 means.	 An	 explanation	 for	 the	 high	
percentage	 of	word-of-mouth	 recruitment	may	 be	 that	mission	 and	 data	 owners	 in	Weather-it	
project	 are	 the	 source	of	 the	 ‘news’,	 as	 research	on	word-of-mouth	highlights	 the	 role	of	 ‘self-
involvement’	 as	a	 key	motivation	 that	drives	 individuals	 to	engage	 in	word-of-mouth	behaviour	
(Dichter,	 1966).	 In	 self-involvement	 members	 want	 to	 share	 their	 knowledge	 or	 opinion	 (i.e.	
mission	 and	 data)	 as	 a	 way	 to	 gain	 attention	 and	 feel	 like	 pioneers.	 Another	 motive	 which	 is	
mentioned	in	research	on	online	marketing	communities	is	‘help	to	company’	(Sundaram,	Mitra	&	
Webster,	 1998)	which	 in	Weather-it	may	 have	worked	 as	 ‘help	 to	 community’	 as	many	 of	 the	
participants	joined	the	project	“because	of	the	community”	(Section	6.3.2)	and	68%	of	the	survey	




who	 had	 no	 connections	 with	 the	 community,	 and	 thus	 had	 little	 prior	 knowledge	 of	 the	
community.	 Although	 the	 advertisement	 of	 the	 community	 targeted	 mostly	 citizen	 science,	
weather	societies,	and	modules	related	to	weather,	only	a	small	proportion	(13%)	of	the	members	







was	 also	 linked	 to	 the	 “searching	 the	 internet”	 answer,	 as	 one	member	 joined	 the	 community	
with	no	invitation	or	information	about	it.	One	way	of	improving	members’	recruitment	to	Citizen	
Inquiry	communities,	apart	from	relating	to	their	motivation	for	participating,	may	be	to	positively	




also	 focus	 on	 conveying	 these	 characteristics;	 for	 example	 by	 highlighting	 the	 useful	 science	
information	you	may	receive	in	an	entertaining	way.	
7.2.2 Personal	benefit	as	initial	motivation	for	participating	in	Citizen	Inquiry	
Since	Weather-it	had	no	 specific	 scientific	 goals	other	 than	 the	 involvement	of	 the	members	 in	
weather	investigations	and	discussions,	the	motivations	for	participating	in	the	community	differ	
from	other	citizen	participation	projects.	
Comparing	 the	 results	with	a	 research	 study	on	motivations	 that	 initiate	participation	 in	 citizen	
science	 projects	 (Curtis,	 2015),	 some	main	 differences	 were	 spotted.	Whereas	 in	 some	 citizen	
science	projects	the	main	reasons	for	participating	is	the	contribution	to	research	and	the	interest	
in	science	(Raddick	et	al.,	2010;	Nov,	Arazy	&	Anderson,	2011;	Curtis,	2015),	Weather-it	members	
ranked	 ‘weather’	 as	 their	 first	 reason	 (interest	 and	 learning	 about	 the	 topic).	 Contributing	 to	
science	 and	 scientific	 interest	 ranked	 last,	 after	 the	 social-related	 reasons	 (friends	 and	
community),	and	the	interest	in	the	software	(Section	6.3.2).	‘Community’	and	‘astronomy’	were	
also	 highly	 mentioned	 in	 astronomy	 citizen	 science	 projects	 (Raddick,	 Bracey	 &	 Gay,	 2010;	
Raddick	et	al.,	2013)	but	‘friends’	and	‘software’	not	to	such	a	great	extent.	
‘Friends’	 as	 a	 motivation	 to	 join	 the	 community	 may	 also	 explain	 the	 popularity	 of	 ‘word-of-
mouth’	 as	 a	means	 of	 recruitment,	 as	 research	 has	 shown	 that	 common	 ground	 between	 the	
word-of-mouth	 sender	 and	 receiver	 enhances	 its	 influence	 (Berger,	 2014;	 Sweeney,	 Soutar	 &	
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Mazzarol,	2014).	 It	 is	also	notable	 that	all	 the	members	whose	only	motivation	 for	participating	
was	 community	 and	 friends	 (n=15)	 remained	 active	 until	 the	 end	 of	 the	 project,	 in	 contrast	 to	
those	(n=16)	whose	only	motivation	was	the	topic;	half	of	them	dropped	out	[Questionnaire	B].	
The	motivations	in	Weather-it	did	not	differ	much	from	the	‘Inquiring	Rock	Hunters’	study,	as	the	
majority	 of	 rock	hunters	 (60%)	 joined	 the	project	 stimulated	by	personal	 incentives	 (interest	 in	






labelling	 them	as	science.	Part	of	 the	reason	for	 this	behaviour	might	be	the	background	of	 the	
participants,	as	very	few	were	meteorology	scientists	or	associated	with	weather	or	a	related	field	
in	 a	 professional	 capacity.	 Weather-it	 attracted	 many	 members	 who	 were	 beginners	 and	 had	
neither	 weather	 experience	 nor	 a	 science	 background	 (Section	 6.3.3).	 The	 experts	 joined	 the	
project	 mainly	 for	 the	 topic,	 beginner	 and	 intermediate	 members	 also	 ranked	 ‘friends’	 and	
‘community’	motivations	at	a	higher	level.	Thus,	there	are	individuals	that	bring	some	expertise	to	
the	project	and	beginners	who	want	to	 learn	more	about	the	topic	along	with	their	 friends	 in	a	
community	offered	as	a	learning	experience.		
Another	aspect	that	may	 influence	motivation	for	 initiating	participation	 in	Citizen	 Inquiry	 is	the	
type	of	 recruitment	used.	 Lessons	 from	previous	 research	 (Ren	&	Kraut,	 2013)	 showed	 that	 for	
improving	the	success	of	a	community	decisions	for	designing	it	should	not	be	taken	through	trial	
and	error	but	 guided	by	member	motivation	and	 contribution.	 Thereby,	 since	personal	 interest	
and	 benefit	 constitute	 main	 reasons	 for	 joining	 some	 citizen	 participation	 projects,	 such	 as	
Weather-it	 (Section	 6.3.2),	 Inquiring	 Rock	 Hunters	 (Section	 4.8.1),	 and	 Planet	 Hunters	 (Curtis,	










that	 nQuire-it	 platform	 provides	 for	 multiple	 ways	 to	 participate	 (types	 of	 missions)	 (Section	
6.4.4.1),	 which	 according	 to	 Bonney	 et	 al.	 (2015)	 acknowledges	 different	 interests	 and	
motivations	 and	 leads	 to	 larger	 audiences.	 Advertisement	 leaflets	 for	Weather-it	 (Appendix	 O)	
and	 Inquiring	 Rock	 Hunters	 (Appendix	 I)	 laid	 emphasis	 on	 the	 tasks,	 the	 activities,	 and	 the	
collaboration	 within	 the	 projects,	 without	 emphasising	 any	 contribution	 to	 science.	 As	 was	
expected	 for	 a	more	 learning-oriented	 citizen	 participation	 project,	 few	members	 interested	 in	
contributing	to	science	were	attracted.	Furthermore,	although	experts	 in	Inquiring	Rock	Hunters	
project	were	invited	separately,	Weather-it	did	not	focus	on	incentives	that	would	attract	experts	
and	 determine	 their	 role	 in	 the	 project.	 As	 a	 result,	 some	 beginner	 rock	 hunters	 expected	 an	
expert	 to	 be	 assigned	 to	 them	 (Section	 4.8.2)	 and	 experts	 in	 turn	 adopted	 the	 role	 of	 the	
facilitator	 in	 investigations	 and	 discussion	 forums	 (Section	 4.8.4).	 In	 contrast,	 non-expert	
Weather-it	members	did	not	say	they	had	any	high	expectations	of	 the	experts	and	the	experts	
had	broader	participation	behaviour.	Citizen	participation	projects	 like	Citizen	 Inquiry,	however,	















updates	 began,	 generated	 further	 interactions	 between	 more	 members.	 Personalised	
communication	 with	 non-active	 members,	 alongside	 frequent	 communication	 with	 the	 entire	
community,	led	to	the	fourth	stage	of	the	community	evolution	where	there	was	a	40%	increase	
in	 the	 interactions	 in	 three	weeks.	 Furthermore,	 the	 last	 six	 weeks	 found	 the	 community	 at	 a	
‘maturing’	stage	with	steady	fluctuations	(Section	6.3.5).	




that	 identifies	 that	 the	 initial	 design	 of	 the	 early	 first	 stage	 of	 the	 community	 development	 is	
inadequate	 to	 make	 the	 community	 “run	 itself”	 (Stuckey	 &	 Smith,	 2004).	 Alternatively,	 the	
ongoing	design	and	development	during	the	growth	of	the	community,	as	applied	to	Weather-it,	
should	depend	on	the	individual	community	and	its	needs	(Engeström,	Engeström	&	Suntio,	2002;	
Fischer,	 2002).	 It	 is	 also	 aligned	 with	 findings	 from	 citizen	 science	 communities	 that	 indicate	
regular	contact	by	project	leaders	as	the	main	factor	that	supported	retention	of	members	(Wald	
et	 al.,	 2015).	 Further	 evidence	 supporting	 the	 essential	 role	 of	 the	 e-moderator	 and	 the	
facilitation	 of	 the	 community	 lies	 in	 the	 findings	 of	 level	 of	 participation	 after	 the	 end	 of	 the	
project.	The	analysis	indicated	gradual	decrease	of	contributions	which	finally	reached	the	bottom	
seven	weeks	 after	 the	 facilitation	 ended	 (Section	 6.4.6).	 Therefore,	 a	 conclusion	may	be	 that	 a	
single	moderator	is	not	sufficient	for	sustaining	participation	in	the	community.	Moderators	need	
to	 be	 identified,	 for	 instance	 between	 the	weather	 enthusiasts,	 and	 form	a	 core	 of	 facilitators.	
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Another	 solution	 is	 the	 creation	 of	 automated	 features	 for	 moderating	 the	 community	 (e.g.	
recommendations,	reminders,	organisers).	
Feeling	 a	part	 of	Weather-it	 reflects	 the	 commitment	 to	 the	 community	 (Meyer	&	Allen,	 1991)	
and	 thus	 predicts	 whether	 members	 will	 be	 retained	 in	 the	 future.	 Although	 the	 majority	 of	
Weather-it	members	 felt	 like	 a	 part	 of	 the	 community,	 an	 important	 percentage	 (32%)	 did	 not	
(Section	 6.3.7).	 Surprisingly,	 almost	 half	 of	 those	 are	members	with	many	 contributions	 to	 the	




Another	 potential	 reason	may	 be	 the	 lack	 of	 a	 shared	 purpose,	 as	Weather-it	 employed	many	
investigations	each	with	their	own	goals.	This	may	affect	 the	 identity-based	commitment	of	 the	
members,	as	 there	 is	no	sense	of	a	common	enterprise	 from	which	they	will	benefit	 (Michinov,	
2004).	Findings	in	this	work	show	that	contribution	to	the	community	is	not	necessarily	linked	to	
feeling	 like	a	part	of	 it.	However,	 similarly	 to	 research	on	students’	 retention	 to	online	 learning	
environments	(Boston	et	al.,	2014),	when	members	feel	like	a	part	of	a	larger	community	they	are	




the	project	and	 thus	 remained	engaged,	or	as	 the	cause	 for	not	being	active	at	 the	 time	of	 the	
survey.	In	Inquiring	Rock	Hunters	(Aristeidou,	Scanlon	&	Sharples,	2014b),	most	of	the	members	
commented	on	the	difficulty	they	would	have	had	to	use	nQuire	platform	without	a	tutorial,	but	
also	 showed	 their	 satisfaction	 with	 the	 existence	 of	 some	 tools,	 such	 as	 the	 inquiry	 diagram.	
However,	their	suggestions	for	 improving	the	platform	were	restricted	mainly	to	the	addition	of	
communication	 tools,	 such	 as	 chat,	 video	 teleconference	 and	 improvement	 of	 the	 forum,	
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emphasizing	 the	 importance	 of	 interaction	 within	 the	 community.	 Weather-it	 members	 were	
more	satisfied	with	the	software	usability,	without	using	a	tutorial,	but	still	had	many	suggestions	
on	how	to	improve	the	software.		
The	 nQuire-it	 platform	was	 generally	 found	 to	 be	 easy	 to	 use,	with	 some	Weather-it	members	
commenting	on	the	well	organised	structure,	the	ease	of	browsing	subjects	and	creating	missions	
(Section	 6.6.2).	 Also,	 in	 contrast	 to	 the	 investigations	 in	 Inquiring	 Rock	 Hunters,	 Weather-it	
missions	 were	 visible	 on	 the	 platform,	 allowing	 members	 easy	 access	 and	 re-visit	 of	 the	
investigations,	 supporting	 follow-up	 discussions.	 However,	 several	 members	 spotted	 software	
bugs	 or	 limitations	 during	 or	 at	 the	 end	 of	 the	 project	 (Section	 6.6.1	 and	 Section	 6.6.3).	 The	
feedback	 allowed	 some	 ongoing	 improvements	 and	 the	 creation	 of	 a	 list	 with	 further	 design	
requirements,	 related	 to	 the	 user	 interface,	 project	 communication,	 social	 and	 inquiry	
technologies.	 Further	 issues	were	 identified	 through	 tests	 by	 technology	 and	 human	 computer	
interaction	experts	during	the	platform	preparation.	These	were	not	realised	due	to	lack	of	time,	
but	 if	 they	 had	 been,	 may	 have	 prevented	 some	 drop	 outs	 from	 members	 who	 found	 the	
software	 complicated	 (Section	 6.6.2).	 One	 specific	 technical	 issue	 was	 the	 nQuire-it	 site	 not	
coming	 back	 online	 after	 a	 server	 reboot	 a	 few	 days	 before	 the	 launch	 of	 the	 project,	 while	
recruiting	participants	and	having	the	core-group	members	on	the	platform.	Moreover,	the	login	
via	 social	 networks	 went	 off	 after	 automatic	 updates	 to	 the	 Java	 virtual	machine.	 Some	 other	
issues	had	to	do	with	technology	restrictions.	For	example,	there	was	no	‘Forgotten	my	password’	
button,	the	duration	of	the	login	sessions	was	short	but	the	front-end	was	still	showing	users	as	
logged	 in,	 there	 was	 no	 ‘edit’	 button	 in	 the	 comments	 and	 forum	 posts,	 and	 numbering	 and	
bulleting	in	the	text	processor	was	buggy.		
Project	communication	was	one	of	the	main	factors	that	supported	the	retention	of	members	in	
the	 community	 (Aristeidou,	 Scanlon	&	 Sharples,	 2015b).	 The	 project	 communication,	 however,	
may	be	enhanced	by	software	features	that	facilitate	the	moderators	in	their	efforts	to	maintain	
communication	 with	 the	 community	 members.	 ‘Notifications’	 is	 a	 feature	 that	 supports	





members	 who	 left	 the	 community	 before	 the	 ‘manual	 email	 notifications	 technique’	 based	 on	
Wizard	of	Oz	paradigm	 (Section	5.5.4)	had	been	set	up,	 requested	notifications	 to	 inform	them	
about	 any	 responses	 to	 their	 posts.	 Other	 requests	 involved	 platform	 instead	 of	 email	
notifications	 and	 task	 reminders.	 Last	 but	 not	 least,	 was	 the	 establishment	 of	 a	 daily/weekly	
digest	with	community	updates	 (Section	5.5.5),	which	as	 stated	helped	some	members	 feel	 like	
part	of	the	community	(Section	6.3.5).	
Feeling	 like	a	part	of	 the	community	can	also	be	supported	by	enhancing	social	presence	 in	 the	
community,	 as	 it	 helps	 to	 perceive	 other	 members	 as	 “real	 people”	 and	 describe	 themselves	
socially	and	emotionally	(Swan	&	Shih,	2005).	It	is	also	important	for	satisfactory	and	meaningful	
collaborative	 online	 learning	 and	 inquiry	 (Richardson	&	 Swan,	 2003;	 Akyol	 et	 al.,	 2009;	 Shea	&	
Bidjerano,	 2009).	 Communities	 in	 Inquiring	 Rock	 Hunters	 and	 Weather-it	 provided	 social	
interaction	through	the	open	communication	in	forum	topics,	and	group	cohesion	in	collaborative	
investigations.	In	Inquiring	Rock	Hunters,	the	synchronous	chat	was	found	to	be	inefficient	due	to	
the	 small	 number	 of	 participants	 and	 thus	members	 asked	 for	 personal	 messages.	 Likewise	 in	
Weather-it,	 although	members	 had	 personal	 profiles	with	 information	 about	 themselves,	 there	
were	 limited	 communication	 options	 between	 the	members.	 Feedback	 on	 the	 community	 and	
platform	design	(Section	6.6.3.3)	suggested	the	need	for	a	more	enriched	interactive	environment	
with	 an	 increased	 sense	 of	 co-presence.	 Their	 suggestions	 focused	 on	 being	 able	 in	 the	
environment	to	have	friends	and	communicate	with	them	directly	with	personal	messages	or	tag	
them	 in	 a	 comment.	 They	 were	 also	 interested	 in	 what	 other	 people	 in	 the	 community	 were	
engaged	with.		
Platform	design	should	also	 involve	a	thorough	 investigation	of	the	 inquiry	and	specialised	tools	
that	the	community	should	offer	to	its	members.	Rock	hunters	had	suggested	the	integration	of	
geology-related	 tools	 such	 as	microscope,	 rock	 identification	 key	 and	 a	 guide	 for	 beginner	 rock	
hunters	 (Section	 4.8.5).	 Suggestions	 by	Weather-it	members	 focused	 on	 the	 inquiry	 tools	 they	
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Several	 techniques	 were	 employed	 while	 preparing	 the	 Citizen	 Inquiry	 community	 and	
throughout	 the	 project	 in	 order	 to	 enhance	 members’	 engagement	 (Sections	 5.3	 –	 5.5).	 As	 a	
result,	 and	as	 in	other	 citizen	participation	projects,	 some	members	were	engaged	more,	 some	
less	and	some	abandoned	the	community.		
7.3.1 Engagement	in	all	aspects	of	the	scientific	process	for	longer	participation		
It	 is	 argued	 by	 the	 Committee	 on	 Science	 Learning	 (2007)	 that	 with	 a	 greater	 degree	 of	
participation,	 members	 are	 more	 likely	 to	 increase	 their	 science	 identity	 and	 thus	 internalise	
science	learning	more	easily.	Furthermore,	a	review	by	Bonney	et	al.	(2009)	on	different	models	
of	 public	 participation	 demonstrated	 that	 the	 more	 the	 individuals	 are	 involved	 with	 all	 the	
aspects	 of	 the	 scientific	 process,	 the	 more	 likely	 they	 will	 increase	 learning	 outcomes.	 The	
Weather-it	 community	which	 involved	members	more	 in	 the	 inquiry	 phases,	 by	 comparison	 to	
contributory	 citizen	 science	 projects,	 managed	 to	 sustain	 members’	 participation	 in	 the	
community	for	a	longer	time	with	roughly	periodic	visits	(Section	6.4.1).	The	findings	have	shown	






and	 non-desirable	 community	 behaviours	 and	 how	 these	 were	 prompted.	 In	 addition,	 it	 is	
important	to	understand	how	the	causes	of	those	behaviours	can	be	enhanced	or	eliminated.		
Ponciano	and	Brasileiro	(2015)	found	five	engagement	profiles	within	their	data	of	Milky	Way	and	
Galaxy	 Zoo	 projects:	 ‘hardworking’,	 ‘spasmodic’,	 ‘persistent’,	 ‘lasting’	 and	 ‘moderate’.	 These	
categories	 were	 identified	 after	 clustering	 engagement	 metrics	 that	 placed	 emphasis	 on	 the	
degree	and	duration	of	engagement.	In	Weather-it,	the	daily	devoted	time	has	not	been	included	
and	 a	 lurking	metric	 was	 added	 (Section	 3.6.4.2).	 As	 the	 results	 of	 this	 study	 showed	 (Section	
6.4.2),	 ‘hardworking’	 (7%)	and	 ‘persistent’	 (19%)	engagement	profiles	have	been	 found,	but	 the	
other	profiles	were	not	spotted	within	the	Weather-it	dataset.	Instead,	new	engagement	profiles	
emerged	 to	describe	 the	participation	main	behaviour	of	members	 in	Weather-it;	 ‘loyal’	 (13%),	
‘lurking’	(7%)	and	‘visitors’	(55%).	The	‘loyal’	category	captures	the	long	stay	of	some	members	in	
the	 project,	 as	 does	 the	 ‘persistent’	 one,	 but	 also	 combines	 higher	 levels	 of	 activity,	 as	 in	 the	
‘hardworking’	 one.	 Hence,	 ‘loyal’	 exhibits	 a	 desired	 engagement	 profile	 in	 which	 volunteers	
remain	both	linked	in	and	active	in	the	project.	The	‘lurking’	category	may	also	be	related	to	the	
‘persistent’	but	it	is	distinguished	due	to	the	relatively	high	lurking	levels.	Therefore,	members	of	
this	 engagement	 profile	 remain	 linked	 to	 the	 project	 but	 they	 are	 mainly	 observers.	 The	 last	
category,	‘visitors’,	was	created	in	order	to	gain	some	insight	into	the	profiles	of	people	who	had	





Survey	 results	 have	 also	 enriched	 the	 engagement	 profiles	 providing	 information	 about	 the	






more	 social	 motives	 to	 participate,	 such	 as	 ‘friends’	 and	 ‘community’,	 placing	 ‘weather’	 third.	
Moreover,	 ‘hardworking’	 was	 the	 only	 category	 mentioning	 ‘software’	 as	 many	 times	 as	




bond-based	 commitment	 to	 the	 project	 (Ren	&	 Kraut,	 2012).	 This	 ‘social’	 aspect	 has	 also	 been	
encountered	 as	 the	 strongest	motivation	 of	 gamers	who	 had	 persistent	 participation	 and	 they	
were	very	committed	in	the	game	(Herodotou,	Winters	&	Kambouri,	2012).	
On	 the	 other	 hand,	 loyal	 volunteers,	 who	 were	 both	 active	 and	 linked	 for	 a	 long	 time	 to	 the	
project,	did	not	choose	‘friends’	to	such	a	great	extent	as	the	other	categories.	It	seems	that	the	
volunteers	of	this	category	are	attached	to	the	project	and	its	purpose,	enhancing	their	identity-
based	 commitment	 and	 as	 a	 result	 they	 are	 more	 stable	 in	 the	 face	 of	 membership	 turnover	
(Abrams	 et	 al.,	 1998).	 This	 finding	 is	 in	 line	with	 theory	 (Haythornthwaite,	 2009)	 and	 research	
(Eveleigh,	 Jennett	&	Blandford,	 2014)	 that	 associate	 intrinsic	motives	with	 a	 greater	number	of	
contributions,	but	it	also	suggests	that	intrinsic	motives,	such	as	interest	in	the	topic,	is	linked	to	
longer	stay	in	the	community.		
An	 overall	 comparison	 between	 the	 categories	 shows	 ‘persistent’	 members	 to	 be	 the	 least	
satisfied	with	 the	missions	and	 the	participation,	and	 this	may	explain	 their	 low	activity	 level	 in	
combination	 with	 their	 long	 stay.	 In	 contrast,	 ‘loyal’	 members	 demonstrate	 high	 levels	 of	






As	Citizen	 Inquiry	projects	aim	to	engage	 the	community	 in	more	 than	one	 inquiry	activity	 (e.g.	
creating	 investigation,	 sharing	 data	 and	 comments,	 posting	 on	 forum),	 members	 express	 their	
preferences	 in	 one	 or	 more	 activities,	 according	 to	 their	 particular	 participation	 goals.	 While	
Inquiring	Rock	Hunters	were	mainly	using	forum	posts	for	their	discussions,	further	analysis	of	the	
interactions	 on	 Weather-it	 community	 has	 shown	 that	 Weather-it	 members	 interacted	 more	




ways	 for	 interaction	 with	 other	 members,	 beyond	 forums,	 allowing	 them	 to	 comment	 on	 the	
investigations	 and	 the	 individual	 data,	 and	 this	 might	 be	 the	 reason	 that	 has	 led	 to	 a	 large	
percentage	of	members	participating	in	discussions.	
Research	also	suggests	that	the	type	of	activity	in	citizen	participation	projects	may	be	driven	by	
different	 motivations	 (Raddick	 et	 al.,	 2013).	 In	 this	 thesis	 there	 was	 an	 attempt	 to	 cluster	
members	 based	 on	 their	 activities	 and	 understand	 the	 behaviour	 of	 every	 activity	 group	 by	
observing	their	participation	patterns.	In	the	final	analysis,	while	clustering	was	not	possible,	the	
reason	for	the	failure	indicates	the	diversity	of	the	activities	in	which	the	members	were	engaged.	
Hence,	members	got	 involved	 in	contributing	missions,	data,	comments,	 forum	posts	and	votes.	
However,	 the	 one	 third	 of	 the	 members	 were	 only	 watching	 and	 not	 contributing	 to	 any	
investigation	 (‘Watchers’).	Moreover,	 there	were	 also	 several	members	who	 primarily	 engaged	
with	 a	 specific	 type	 of	 activity	 (i.e.	 ‘voter’,	 ‘commenter’)	 or	 had	 exceptional	 participation	 (i.e.	
‘extreme	contributor’)	(Section	6.4.3).	
One	design	aspect	that	could	improve	and	sustain	the	participation	within	the	community	based	




having	 the	same	 interests	could	enhance	their	motivation	 for	staying	 in	 the	community.	On	the	




Inquiry	 were	 factors	 that	 sustained	 the	 engagement	 of	 members	 who	 remained	 active	 in	 the	
Weather-it	 community	 until	 the	 end	 of	 the	 project.	 As	 mentioned	 above,	 multiple	 ways	 of	
participating	acknowledges	many	interests	and	motivates	members’	participation	(Bonney	et	al.,	





higher	 levels	of	engagement	 (Jennett	et	al.,	2013;	 Jennett	&	Cox,	2014).	As	a	 result,	Weather-it	
members	felt	welcome	to	the	community	and	satisfied	with	their	active	roles	and	the	number	of	
new	available	activities	 (Section	6.4.4.1).	 Findings	have	also	 shown	 that	 their	 contentment	with	
the	Citizen	Inquiry	community	may	be	associated	with	the	fact	that	they	had	the	option	to	create	
their	own	mission	or	help	others	with	their	missions,	finding	this	interaction	a	fun	way	of	learning	
and	 getting	 engaged	with	 science.	 Also,	 a	Weather-it	member	who	was	 volunteering	 in	 citizen	
science	projects	had	also	stated	that	Weather-it	had	more	interaction	between	the	members	than	
other	projects	(Section	6.4.4.1).	For	instance,	research	in	the	Old	Weather	project	has	shown	that	
volunteers	 were	 more	 interested	 in	 solitary	 experience	 and	 thus	 it	 was	 suggested	 that	
independent	 working	 should	 be	 facilitated	 towards	 more	 personally-set	 goals	 (Eveleigh	 et	 al.,	
2014).	Unlike	the	Old	Weather	project,	most	of	the	factors	that	motivated	Weather-it	members	to	





The	 disengagement	 of	 Weather-it	 members	 from	 the	 community	 was	 related	 mainly	 to	 time	
constraints	and	secondly	to	lack	of	interest	in	the	available	topics	(Section	6.4.4.2).	Moreover,	lack	




other	 citizen	 participation	 communities,	 such	 as	 Old	 Weather	 (Eveleigh	 et	 al.,	 2014)	 and	 the	
Bentham	Project	 (Causer	&	Wallace,	 2012).	A	 suggestion	by	 Eveleigh	et	 al.	 (2014)	 for	 deterring	
dropouts	due	to	time	constraints,	was	breaking	down	of	tasks	into	smaller	items,	and	ensuring	the	
compatibility	of	mobile	devices.	But,	against	that,	mobile	devices	can	be	more	difficult	and	fiddly	
to	 operate	 than	 a	web-based	 system.	 In	 addition	 to	 the	 hosting	 platforms	 and	devices,	 project	
communication	 could	 play	 a	 significant	 role	 in	 attracting	 non-active	 members	 back	 to	 the	
community	during	the	periods	they	are	not	very	busy.	For	instance,	it	was	noticed	that	Weather-it	
members	had	lower	variation	in	periodicity,	in	comparison	to	Milky	Way	and	Galaxy	Zoo	projects,	
and	 hence	 several	 non-members	were	 coming	 back	 to	 the	 community	when	 interesting	 topics	
were	announced.	
However,	 lack	 of	 interest	 in	 the	 Weather-it	 topics	 was	 also	 a	 reason	 for	 several	 members	 to	
abandon	 the	 community.	 Although	members	 could	 create	 their	 own	 investigations	 sparked	 by	
their	 everyday	 life	 experience,	 it	 was	 noticed	 that	 the	 majority	 were	 expecting	 that	 other	
members	would	create	missions	and	that	they	would	contribute	to	those	missions.	Consequently,	













may	be	 time-consuming	and	expensive.	Citizen	 Inquiry	 communities	 could	address	 this	 issue	by	





several	citizen	science	projects	 (Freitag	&	Pfeffer,	2013).	 In	Citizen	 Inquiry,	knowledge	sharing	 is	
the	main	goal	 (Section	2.4).	Thus,	 the	educational	outcomes	of	 the	Citizen	 Inquiry	 communities	
were	also	measured	through	the	understanding	of	science	content	and	processes.	The	evaluation	
focused	 around	 the	 inquiry	 skills	 members	may	 have	 improved	 from	 their	 participation	 in	 the	
projects.	 Those	 inquiry	 skills	 involve	 activity,	 on-topic	 and	 community	 learning	 (Kloetzer,	 2013).	
Finally,	an	overall	evaluation	 is	 linked	to	the	attitude	toward	science	and	the	production	of	new	












they	might	 learn	 through	 their	 engagement	 in	 particular	 inquiry	 processes:	 forming	 a	 research	




alongside	 co-created	 projects,	 Citizen	 Inquiry	 has	 a	 great	 potential	 to	 achieve	 a	wider	 range	 of	
citizen	participation,	as	members	‘translate’	their	questions	into	research	projects	(Bonney	et	al.,	
2009;	 Shirk	 et	 al.,	 2012;	 Bonney	 et	 al.,	 2015;).	 For	 members	 who	 have	 not	 formed	 their	 own	
research	question,	they	can	decide	how	to	contribute	to	other	people’s	research,	based	on	their	
preferences	for	topics	and	research	methods.		
Findings	 from	 both	 Weather-it	 and	 Inquiring	 Rock	 Hunters	 have	 shown	 that	 many	 members,	
mainly	beginners,	found	it	difficult	to	form	their	research	question	or	they	did	not	feel	confident	
to	 create	 an	 investigation.	 Moreover,	 the	 majority	 of	 Weather-it	 members	 invoked	 time	
constraints	or	admitted	they	did	not	have	any	ideas	(Section	6.4.4.2).	A	comparison	between	the	
two	 projects	 demonstrates	 a	 quite	 large	 difference	 between	 the	 numbers	 of	 published	
investigations;	50%	of	the	registered	rock	hunters	published	an	investigation	(Section	4.8.2),	while	





of	 the	 Inquiry	 Framework	 in	 guiding	 them	 through	 the	 inquiry	 phases	 (Aristeidou	 et	 al.,	 2014).	










2012).	 In	 this	 stage	 the	 members	 used	 tools	 for	 the	 data	 collection	 and	 data	 publication,	
developing	 alongside	 tool	manipulation	 skills.	 For	 instance,	 rock	 hunters	 took	 pictures	 of	 rocks	
and	 uploaded	 them	 to	 their	 investigation.	Weather-it	members	 recorded	 sunlight	 samples	 and	
uploaded	 them	 to	 the	mission.	 In	 both	 cases	members	 had	 to	 use	 the	 correct	 tools	 and	 then	
select,	record	and	upload	the	appropriate	data.	
Findings	 from	the	Sense-it	use	 for	 the	 ‘Record	 the	sunlight’	mission	 (Section	6.5.2)	 suggest	 that	
the	majority	of	the	measurements	(95%)	were	valid,	containing	the	right	time,	duration,	label	and	
data	 collection	 method	 (non-wavy	 plots).	 However,	 the	 data	 gathered	 from	 sunlight	
measurements	 in	 the	 same	 area	 identified	 further	 calibration	 issues	 with	 the	 light	 sensors	
(Section	6.6.5).		
Beyond	 data	 collection,	 data	 analysis	 was	 the	 inquiry	 process	 that	 would	 allow	 members	 to	
compare,	 visualise,	 classify,	 and	 describe	 (e.g.	 date,	 temperature,	 etc.)	 their	 collected	 data.	 In	
both	 projects	 there	 was	 a	 request	 for	 more	 data	 manipulation	 tools	 to	 be	 embedded	 in	 the	
platforms	in	order	to	facilitate	this	 inquiry	phase	(Sections	4.8.5	and	6.6.3.2).	Although	Inquiring	
Rock	 Hunters	 project	 provided	 a	 spreadsheet	 tool	 by	 which	 the	 investigator	 could	 import	
measures	 and	 then	 create	 graphs,	Weather-it	 did	 not	 provide	 any	 tool	 for	 data	 analysis.	 As	 a	





important	 tool	 limitation.	 For	 enhanced	 engagement	 with	 the	 data	 analysis	 inquiry	 phase,	 the	
integration	of	several	data	manipulating	and	field-related	tools	is	considered	essential.	
As	 in	 citizen	 science	projects,	 Citizen	 Inquiry	 communities	provide	members	 the	opportunity	 to	





their	 favourite	 text	 response	 to	 a	 research	 question.	 This	 voting	 technique	 leaves	 room	 for	
improvement	as	it	has	been	noticed	that	the	most	voted	may	not	always	be	the	correct	response,	
and	 this	 may	 lead	 to	 misconceptions.	 Furthermore,	 members	 were	 demonstrating	 diverse	
interaction	behaviour	whilst	reflecting	with	the	data,	results,	and	other	comments	(Section	6.5.5).		
7.4.2 On-topic	learning	
On-topic	 learning	refers	to	the	content	knowledge	related	to	the	scientific	 topic	explored	 in	the	
Citizen	 Inquiry	 communities.	 Beyond	 the	engagement	with	 the	 inquiry	phases,	 a	macro-level	 of	
learning	 happens	 when	 members	 learn	 about	 the	 science	 field	 by	 participating	 in	 discussions,	
looking	 up	 information	 on	 the	 Internet	 and	 expanding	 the	 community	 environment	 with	 their	
own	 contributions	 (Kloetzer	 et	 al.,	 2013).	 Science	 field	 knowledge	 was	 the	 most	 frequently-





some	 insight	 into	 the	 language	 use	 of	 Citizen	 Inquiry	 members.	 In	 both	 Citizen	 Inquiry	





Nevertheless,	 in	 Inquiring	 Rock	 Hunters	 the	 existence	 of	 Google	 Copy	 Paste	 Syndrome	 (GCPS)	
(Weber,	2007)	was	detected,	as	non-experts	had	retrieved	and	used	some	easily	available	digital	
content	 that	 did	 not	 represent	 their	 personal	 knowledge.	 Weather-it	 members	 seemed	 to	 be	
more	comfortable	to	use	their	own	vocabulary.	There	is	evidence	that	Weather-it	vocabulary	had	
progressed	between	the	first	and	the	last	week	of	the	project	(Section	6.5.6).	A	tool	that	allowed	
the	 input	 of	 online	 glossary	 to	 particular	 investigations	 would	 provide	 direct	 access	 to	 the	
‘language	culture’	of	the	specific	field	and	improve	members’	confidence	and	vocabulary	quality.		
In	 contrast	 to	 contributory	 citizen	 science	 projects,	 the	 creation	 of	 investigations	 by	members	




as	described	 in	 Section	7.3.5,	not	only	has	maintained	 their	 interest	 in	 the	 community	but	 also	
provided	access	to	more	opportunities	for	science	learning.		
What	was	missing	 from	 both	 projects	 was	 the	 specialised	 in	 the	 field	 tools	 and	 in	 some	 cases	
learning	 materials.	 While	 Inquiring	 Rock	 Hunters	 made	 available	 generic	 learning	 material	 on	
rocks	and	their	investigation,	Weather-it	has	only	supplied	members	in	missions	with	information	
about	 the	 specific	 topics.	 It	 is	 possible	 that	 easy	 access	 to	 domain	 knowledge	 and	 tools	would	
spark	members’	 curiosity	 and	 enhance	 their	 involvement	with	 new	 investigations	 and	 research	
methods.	 Access	 to	 domain	 knowledge	 may	 be	 available	 through	 blog	 posts,	 as	 proposed	 by	
Druschke	 and	 Seltzer	 (2012),	 or	 via	 some	 more	 interactive	 video-conferences	 by	 experts.	






Citizen	 Inquiry	 communities	 aim	 to	 enable	 social	 learning	 through	 interactions	 between	 the	
members	and	thus	enhances	community	learning	which	happens	both	during	activity	and	on	topic	
learning	 (Kloetzer	 et	 al.,	 2013).	 Therefore,	 learning	 may	 happen	 through	 direct	 or	 indirect	
exchange	with	peers,	which	is	supported	by	the	community	design,	and	through	collaboration	and	
communication	with	expert	members	in	investigations	and	forums.		
The	usual	 interaction	pattern	 in	 Inquiring	Rock	Hunters	was	 for	 the	non-experts	 to	ask	 for	help,	
the	experts	 to	guide,	and	 the	members	of	 intermediate	expertise	 to	be	 inactive	 (Section	4.8.4).	
Also,	 only	 three	 investigations	 received	 feedback	 but	 without	 any	 follow-up	 discussion.	 The	
findings,	 overall,	 confirmed	 the	 active	 contribution	 of	 specific	 members	 only	 and	 the	
abandonment	of	the	platform	once	the	investigation	is	completed	or	difficult	to	finish.	In	Inquiring	
Rock	 Hunters,	 community	 learning	 seemed	 not	 to	 work	 very	 well;	 although	 members	 were	




on	 inquiries	 between	 the	 community	members	 were	 enhanced	 in	 terms	 of	 quantity	 and	 type.	
Firstly,	as	members	were	allowed	to	create	more	than	one	 inquiry	and	contribute	data	to	other	










non-experts	 acknowledging	 or	 opposing	 experts,	 as	 well	 as	 becoming	 mentors	 to	 other	 non-
experts.	 This	 may	 be	 aligned	 to	 research	 claiming	 that	 expertise	may	 also	 be	 found	 in	 people	
(non-scientific	 experts)	 who	 have	 sustained	 experience	 with	 an	 area	 of	 study	 outside	 of	
mainstream	 science;	 those	 people	 have	 contributory	 expertise	 sufficient	 to	 contribute	 to	 the	
construction	of	new	knowledge	(Evans	&	Collins,	2007).		
Consequently,	 an	 important	 aspect	 that	 boosted	 community	 learning,	 beyond	 the	 platform	
design,	is	the	several	active	experts	in	the	community	whose	initially	motivation	to	join	was	their	
interest	in	the	topic	(Section	6.3.2).	Although	Weather-it	experts	–	a	loyal	member	and	an	active	
visitor	 –	 exhibited	 eagerness	 to	 provide	 feedback	 to	 non-expert	 people,	 research	 from	 other	
projects	has	shown	that	the	primary	motivation	for	experts	to	take	part	in	citizen	science	projects	




Several	measuring	 instruments	 for	pre	and	post-tests	have	been	developed	 for	 the	detection	of	
scientific	 literacy	among	citizen	science	projects	participants.	For	 instance	Brossard	et	al.	used	a	
context-independent	generic	test	(Brossard,	Lewenstein	&	Bonney,	2005)	and	Cronje	et	al.	(2010)	
have	 created	 a	 domain-dependent,	 context-specified	 scientific	 literacy	 instrument.	 As	
investigations	in	Citizen	Inquiry	communities	are	created	by	members	and	thus,	are	not	known	in	
advance,	 the	 creation	of	 a	 context-specific	 instrument	 is	not	possible.	 For	 the	 same	 reason,	 the	
development	 of	 a	 pre/post-test	 based	 on	 knowledge	 items	was	 not	 possible	 and	 therefore	 the	
evaluation	was	based	on	self-reporting	changes	in	knowledge	by	participants.		
The	 majority	 of	 Inquiring	 Rock	 Hunters	 stated	 that	 throughout	 their	 participation	 in	 the	
community,	beyond	the	content	knowledge,	they	also	gained	knowledge	on	how	to	approach	an	










‘The	 Birdhouse	 Network’	 participants	 changed	 their	 understanding	 of	 the	 scientific	 process	
(Brossard	et	al.,	2005).	
In	 Citizen	 Inquiry	 communities	 there	 is	 evidence	 of	 members	 becoming	 engaged	 with	




facilitated	 the	 improvement	 of	 inquiry	 skills,	 such	 as	 argumentation,	 critique,	 discovery	 and	
reflection,	by	 involving	members	 in	discussions	on	 the	 investigation	 topics	 (Section	6.5.5).	 Such	
skills	 can	 be	 applied	 to	 future	 investigations	 and	 thereby	 improve	 the	 community’s	 science	
literacy.	
Furthermore,	Weather-it	members,	unlike	rock	hunters,	considered	the	community	as	a	fun	way	
to	 spend	 their	 free	 time	and	get	engaged	with	 science	 (Section	6.5.7).	 This	 attitude	 contradicts	









Changes	 in	 attitude	 among	 adults	 require	 many	 interventions	 over	 longer	 periods	 of	 time	
(Merriam,	Caffarella	&	Baumgartner,	2012)	and	this	might	be	one	possible	explanation	about	not	
finding	 any	 significant	 changes	 in	 the	 participants’	 attitude.	 Also,	 the	 level	 of	 participation	 is	
important	for	the	internalisation	(acceptance	of	a	set	of	norms	and	values)	of	science	learning	and	
hence	the	acquisition	of	a	science	identity	(Committee	on	Science	Learning,	2007).	However,	even	
though	 the	 Citizen	 Inquiry	 projects	 due	 to	 time	 constraints	 did	 not	 run	 for	 a	 long	 time,	 they	
helped	members	 to	overcome	some	of	 the	misconceptions	they	held	at	certain	 topics	 (e.g.	 that	
there	is	no	extreme	weather	in	southern	countries)	(Section	6.5.4.4).	
As	seen	in	Section	2.2.4,	some	of	the	scientific	success	measures	of	citizen	participation	projects	




the	 project	 duration,	 and	 then	 analysed	 by	 the	 researcher	 and	no	 new	 science	 knowledge	was	




















credible	 resources	 to	 share	 with	 the	 community,	 for	 instance,	 information	 about	 earthquakes	




what	 one	 is	 confident	 to	 do	 or	 not.	 Several	 members	 were	 concerned	 about	 making	 valuable	




would	 be	 easy	 for	 her	 to	 create	 another	 one.	However,	 some	other	members	who	were	more	
obstructed	by	their	concerns	stated	self-awareness	as	their	new	knowledge.		
7.5 Researcher	as	Citizen	Inquiry	community	moderator	
Design-based	 research	 allowed	 the	 researcher	 to	 be	 a	 part	 of	 the	 communities	 and	experience	
them	 in	 the	 way	 members	 did.	 Therefore,	 it	 was	 easier	 to	 observe	 the	 activities	 within	 the	
community,	understand	the	satisfaction	and	struggles,	and	obtain	a	better	 image	of	the	 level	of	
participation	 and	 engagement.	Moreover,	 the	 role	 of	 the	 researcher	 in	 the	 community	 did	 not	




of	 the	 changes	 was	 measured	 in	 comparison	 to	 the	 previous	 status.	 A	 minor	 case	 was	 the	
detection	of	 some	 software	bugs	 by	 the	 researcher	while	 contributing	 to	 the	missions.	A	more	





very	 difficult	 to	 use,	 even	 though	 they	 had	 a	 tutorial	 in	 hand	 (Section	 4.8.5).	 In	 the	 end,	 that	




and	 88%	 for	 the	 questionnaire	 and	 the	 purposive	 sampling	 interviews,	 respectively,	 in	 Design	
Study	2.		
In	 addition	 to	 the	 trouble-shooting	 role	 the	 moderator	 had,	 she	 was	 also	 responsible	 for	
facilitating	knowledge	within	 the	community.	However,	as	 the	 researcher	was	not	an	expert	on	
any	of	the	Citizen	Inquiry	community	topics	(i.e.	geology	and	meteorology),	her	role	allowed	her	
to	 recruit	 and	 involve,	when	needed,	other	 researchers	 in	 the	design	and	 facilitation	of	 science	
learning	within	the	community.	Engaging	and	including	people	(mainly	from	The	Open	University)	














design	 considerations,	 resulting	 from	 the	 discussion	 above,	 may	 facilitate	 the	 creation,	
improvement	and	sustainability	of	citizen	participation	communities	in	which	members	will	adopt	
good	science	and	learning	practices	and	enhance	their	science	literacy:	
• Support	 word-of-mouth	 advertisement	 by	 enabling	 easy	 sharing	 technologies:	 most	
memberships	to	Weather-it	community	were	attracted	through	word-of-mouth	advertisement	
between	 friends	 and	 colleagues.	 Citizen	 participation	 communities	 can	 facilitate	 word-of-
mouth	by	enabling	content	sharing	technologies	and	developing	a	more	usable	and	welcoming	
design.		
• Facilitate	 recruitment	 by	 promoting	 personal	 benefits	 from	 participating	 in	 the	 community:	
this	is	related	to	the	idea	of	providing	potential	members	reasons	for	joining	the	community.	
As	 in	 some	 citizen	 participation	 communities,	 members	 join	 due	 to	 personal	 benefits,	 the	
promotion	should	focus	upon	those	desired	benefits.	For	instance,	if	members	are	interested	
in	 learning	 more	 about	 the	 research	 topic,	 the	 material	 should	 be	 designed	 to	 fulfil	 this	
personal	 demand.	 Likewise,	 benefits	 for	 experts	 should	 be	 given	 particular	 attention.	 It	 is	
suggested	 that	 experts	 interested	 in	 public	 engagement	 would	 be	 ideal	 for	 Citizen	 Inquiry	
communities,	 as	 these	 communities	 currently	 do	 not	 offer	 any	 benefits	 of	 scientific	 nature,	
such	 as	 publications.	 However,	 public	 engagement	 strategy	 is	 an	 increasingly	 important	





their	 ongoing	 level	 of	 engagement	 helps	 in	 understanding	 how	 successful	 the	 design	 is	 and	
improving	the	aspects	that	benefit	the	retention	in	the	community.	
• Design	usable	and	useful	software:	software	may	be	a	reason	for	potential	members	to	stay	or	
leave	 the	 community,	 thus	 it	 is	 important	 that	 the	 software	 usability	 will	 be	 tested	 by	
technology	 and	 human	 computer	 interaction	 experts.	 Supporting	 ongoing	 feedback	 by	
members	may	also	reveal	bugs	and	needs,	and	improve	the	software	design.		
• Maintain	 frequent	 communication	 with	 the	 community	 members:	 increase	 of	 contributions	
and	 interaction	 between	 the	 members,	 as	 well	 as	 community	 identity	 sense,	 were	 mainly	
consequences	 of	 Weather-it	 commencing	 email	 notifications	 and	 updates.	 This	 proves	 the	
influence	of	project	communication	to	the	community	revitalising.	Evidence	of	the	efficiency	of	
the	 frequent	 communication,	 is	 the	 expiry	 of	 the	 community	 a	 few	 weeks	 after	 the	 email	
notifications	and	updates	stopped	due	to	the	end	of	project	duration.		
• Include	platform	built-in	 functions	 for	moderators:	 the	 importance	of	 the	moderator	 for	 the	
sustainability	of	the	community	urges	that	a	platform	with	build-in	functions	may	help	in	the	
facilitation	of	the	participation.	Such	functions	may	include	bulk	emails	and	notifications	to	the	
members	 of	 a	 specific	mission	 or	 forum	 thread.	 For	 instance,	 an	 email	 informing	 about	 the	
final	results	of	a	mission	or	inviting	members	to	a	similar	mission.	
• Plan	for	a	 longer	period	of	community	growth:	moderator	 is	very	 important	for	the	creation,	
sustaining	 and	 growth	 for	 the	 community	 but	 they	 should	 not	 be	 irreplaceable.	 The	
community	should	be	maintained	in	case	of	moderator’s	unavailability,	by	securing	continuing	
facilitation	 (e.g.	 through	 automated	 systems)	 or	 transition	 of	 moderation	 duties	 to	 other	
trusted	community	members	that	may	contribute	as	facilitators.		







• Demonstrate	 comparison	 tables:	 this	 feature	 aims	 to	 the	 enhancement	 of	 extrinsic	motives	
and	 has	 a	 twofold	 character.	 First	 to	 acknowledge	 top	 contributors	 and	 second	 to	 spark	
competition	between	the	members.	
• Optimise	 community	 design	 to	 sustain	 engagement:	 interactions	 between	 community	
members	is	a	very	important	aspect	for	sustaining	engagement	in	the	community	as	it	is	more	
likely	 to	develop	a	sense	of	community	 identity	 sense	and	sustain	 longer	engagement	 in	 the	
community.	Moreover,	 the	 provision	 of	more	 social	 technologies	 provides	 opportunities	 for	
deeper	discussions	around	investigations.		
• Support	 variety	 in	 topics	 and	 ways	 of	 engagement:	 multiple	 ways	 of	 engaging	 in	 the	
community	and	the	investigations	motivate	members’	participation.	Thus,	members	should	be	
aware	 of	 the	 available	 participation	 options	 and	 able	 to	 create	 new	 topics,	 related	 to	 their	
interests.	A	solution	 for	 that	 is	 to	 facilitate	diverse	 types	of	 investigations	based	on	 the	data	
collection	and	analysis	settings	able	to	engage	in	a	variety	of	topics.		
• Facilitate	 collaborative	working:	 interaction	 and	 communication	with	 other	members	 during	
the	 investigations	was	 one	 of	 the	 aspects	 that	most	members	 liked	 in	 the	 community.	 This	
suggests	that	design	for	more	collaborative	investigations	may	increase	members’	retention	in	
the	community.		
• Update	members	with	 to-do	 lists	 of	 smaller	or	 similar	 tasks:	 dropping-out	of	 participation	 is	
strongly	 associated	with	 lack	of	 time	and	 interest.	However,	 some	members	may	 revisit	 the	
community	after	 they	dropped	out;	 lists	with	 small	 investigation	 tasks	with	 time	duration	or	
tasks	similar	to	the	ones	they	showed	some	interest	in,	may	support	their	return.		





• Design	 explicit	 inquiry	 activities	 as	 part	 of	 a	 complete	 scientific	 process:	 engaging	members	




• Collaborate	with	experts	 to	make	available	on-topic	 culture	 and	 learning:	 a	 large	number	of	
members	 join	projects	 to	 learn	more	about	the	science	topic	supported	by	Citizen	 Inquiry	or	
other	 citizen	 participation	 communities.	 Providing	 access	 to	 the	 culture	 of	 the	 science	 topic	
would	 sustain	 their	 interest	 and	 increase	 the	 inquiry	 outcomes.	 This	 involves	 content	 and	
research	methods	knowledge	and	access	 to	 the	 science	 topic	vocabulary	and	 the	 field	 tools.	
Science	experts	are	the	appropriate	people	to	convey	this	culture,	participating	in	the	inquiry	
design	and	tools.		
• Aim	to	balance	 fun	and	gains	 in	scientific	 literacy:	 it	 is	 important	 that	 the	community	design	
will	deliver	a	pleasant	and	fun	environment	for	sustaining	engagement	in	the	community	but	
will	 also	 promote	 scientific	 literacy.	 Hence,	 the	 design	 should	 take	 into	 account	 factors	 –	
mentioned	 above	 –	 that	 improve	 both.	 The	 facilitation	 of	 the	 development	 of	 transferable	
skills	for	future	use	in	the	community:	engagement	with	scientific	investigations	does	not	only	
require	 inquiry	 skills,	 but	 also	 other	 transferable	 skills	 that	may	 help	 in	 better	 learning	 and	




growing	 community	 of	 members	 and	 investigations.	 Scaling	 up	 the	 Citizen	 Inquiry	 projects	
employed	in	this	PhD	research	–	with	the	current	settings	and	available	technologies	–	could	be	a	
great	challenge.	The	main	issue	of	enlarging	the	communities	is	the	capability	of	the	moderator	to	
accommodate	 that	 growth	 and	maintain	 the	 facilitation	of	 community	 and	 individuals.	 Bringing	
Citizen	 Inquiry	 to	 scale	may	 require	 a	 design	 that	 is	 flexible	 enough	 to	 be	 used	 in	 a	 variety	 of	
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contexts	 and	 by	 a	 variety	 of	 community	 members,	 while	 being	 robust	 enough	 to	 preserve	
effectiveness	in	science	learning.		
In	 information	 technology	 services,	 scalability	 is	 facilitated	 in	mainly	 two	 complementary	ways:	
automation	 and	 individualisation	 (Clarke,	 Dede	 &	 Ketelhut,	 2006).	 Citizen	 Inquiry	 communities	
can	benefit	from	automation	by	simplifying	actions	by	moderators	and	pre-setting,	when	possible,	
some	 activities	 of	 the	 software.	 Technologies	 reported	 in	 the	 design	 considerations	 section	
(Section	 7.6)	 could	 aid	 this	 automation.	 For	 instance:	 (a)	 word-of-mouth	 and	 therefore,	
recruitment,	can	be	enhanced	by	automated	content	sharing	technologies	on	every	aspect	of	the	




Individualisation	 can	 assist	 Citizen	 Inquiry	 by	 producing	 options	 tailored	 to	 a	 variety	 of	
preferences	and	 levels	of	experience.	 In	 this	way,	members	will	be	able	to	choose	or	customise	
their	way	of	participation	in	the	community.	A	prerequisite	of	individualisation	–	co-design	–	has	
already	 been	 an	 essential	 part	 of	 Citizen	 Inquiry	 philosophy.	 The	 design	 of	 Citizen	 Inquiry	
communities	builds	on	member	needs	and	perspectives.	Therefore,	some	design	suggestions	that	
could	 assist	 in	 building	 a	 more	 individualised	 system	 are	 as	 follows:	 (a)	 a	 variety	 of	 ways	 to	



















community	 for	 citizens	 to	 engage	 in	 scientific	 inquiries.	 Citizen	 Inquiry	 communities	 enable	 the	
engagement	 of	 citizens	 in	 the	 entire	 investigation	 process	 whilst	 conducting	 personally	
meaningful	 investigations	 in	 a	 social	 environment	 with	 expert	 scientists	 and	 non-experts.	 It	
explored	whether	and	how	non-experts	can	engage	in	this	challenge	of	Citizen	Inquiry.	
A	 design-based	 research	 approach	 was	 adopted	 in	 order	 to	 investigate	 the	 thesis	 research	
questions	 raised	 in	Chapter	1.	The	 intervention	consisted	of	 two	 iterations	which	utilised	mixed	
methods	 for	 the	 analysis	 of	 the	 outcomes:	 the	 initial	 design	 ‘Design	 Study	 1’	 and	 the	 more	




questions	 were	 addressed	 through	 a	 variety	 of	 data	 collection	 (interviews,	 log	 files,	
questionnaires,	 usability	 scales,	 focus	 group	 and	 researcher	 notes)	 and	 data	 analysis	 methods	
(thematic	analysis,	content	analysis,	social	network	analysis,	clustering	and	graphs).	
The	contributions	of	this	thesis	to	enhance	understanding	on	how	to	create	online	communities	
of	 citizen	 participation	 includes	 a	 review	 of:	 the	 typologies	 and	 informal	 learning	within	 public	











One	aim	of	 this	PhD	 research	was	 to	explore	 the	creation	of	a	 sustainable	 community	 in	which	
people	would	be	engaged	in	scientific	investigations.	This	question	emerged	after	the	outcome	of	
the	first	 iteration	‘Inquiring	Rock	Hunters’	which	did	not	sustain	the	participation	of	members	in	
the	 community.	 The	 investigation	 of	 this	 question	 involved	 studying	 both	 software	 design	
requirements	 and	 community	 engagement	 strategies.	 The	 research	 was	 facilitated	 by	 a	
combination	of	collected	data	log	files,	focus	group,	interviews,	questionnaire	responses,	system	
usability	scale	results,	and	observations	by	the	researcher/moderator.	The	results	from	the	data	
analysis,	 demonstrated	 the	 level	 of	 success	 of	 various	 strategies	 and	 technologies	 used	 in	 the	
online	communities.	
The	 findings	 from	 this	 thesis	 have	 added	 to	 the	 body	 of	 current	 research	 into	 recruitment	 of	
members	to	online	citizen	participation	and	other	communities.	Word	of	mouth	was	found	to	be	
the	most	powerful	means	of	recruitment	based	on	questionnaire	responses.	Word-of-mouth	can	
be	 facilitated	by	enabling	easy	content	sharing	 technologies	 that	allow	sharing	each	piece	of	an	
artefact	created	within	the	community	and	help	 in	the	promotion	of	 it.	 In	addition,	recruitment	
can	 be	 improved	 by	 promoting	 personal	 benefits	 from	 participating	 in	 the	 community	 (e.g.	
learning),	 addressing	 the	main	motivation	of	Citizen	 Inquiry	members	 to	 join	 the	community	as	
resulted	from	the	questionnaire	responses	in	both	design	studies.	Furthermore,	there	should	be	a	
balance	 in	 the	 emphasis	 between	 features	 that	 focus	 on	 intrinsic	 and	 extrinsic	motivations,	 as	
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by	members.	 Beyond	 the	 software	 design,	 several	 other	 strategies	 for	maintaining	 the	 level	 of	
participation	are	also	important.	The	strategy	which	has	the	most	influence,	applied	to	Weather-it	
was	 the	 establishment	 of	 frequent	 communication	 with	 the	 community	 members,	 which	
reinvigorated	the	community	and	boosted	the	sense	of	community.		
How	can	Citizen	Inquiry	engage	members	of	the	general	public	with	investigations?	
Another	 important	 aim	 of	 this	 thesis	was	 to	 investigate	 how	members	were	 engaged	with	 the	
investigations	and	what	were	 the	reasons	 for	some	members	 to	drop	out	 from	the	community.	
This	question	was	 inspired	by	research	outcomes	 into	community	engagement	 in	 Inquiring	Rock	
Hunters	 (Chapter	 4)	 and	 other	 citizen	 science	 projects	 (e.g.	 Eveleigh	 et	 al.,	 2014)	 and	 online	




Findings	 from	 a	 comparison	 between	 other	 citizen	 science	 projects	 and	 Weather-it,	 which	
engages	 participants	 in	 the	 additional	 scientific	 processes	 of	 proposing	 and	managing	 projects,	
showed	that	the	 level	of	activity	 for	Citizen	 Inquiry	members	was	 lower	than	Milky	Way	Project	
and	 similar	 to	 Galaxy	 Zoo,	 but	 with	 longer	 participation	 (Section	 6.4.1).	 Some	 factors	 that	
motivated	the	engagement	of	members	in	the	community	and	could	help	improve	the	design	are	





lack	of	 time	or	 interest,	and	supporting	groups	could	 reduce	 the	anxiety	of	members	who	have	
low	 self-confidence.	 The	 evidence	 from	 the	 number	 of	 contributions	 between	 the	 project	
duration	 period	 and	 end	 of	 facilitation	 supports	 the	 importance	 of	 project	 communication	 (i.e.	
email	weekly	updates,	email	notifications,	 social	network	updates)	and	 the	essential	 role	of	 the	
moderator	in	a	community.		
How	 can	 Citizen	 Inquiry	 participants	 adopt	 an	 inquiry	 process	 that	 follows	 good	 practices	 of	
science	learning?	
The	 last	 but	 equally	 important	 objective	 of	 this	 thesis	was	 to	 explore	 science	 learning	 through	
participation	in	Citizen	Inquiry.	Although	science	learning	and	literacy	is	one	focus	in	many	other	
citizen	 participation	 projects,	 it	 is	 argued	 that	 involvement	 with	 all	 the	 aspects	 of	 scientific	
process	 increases	 learning	outcomes	(Bonney	et	al.,	2009).	Learning	outcomes	 in	Citizen	 Inquiry	
were	explored	through	the	members’	contributions,	and	self-reports	on	their	learning	gains.	
Findings	showed	that	 the	 two	Citizen	 Inquiry	communities	engaged	members	 in	science	activity	
learning	through	their	participation	in	the	inquiry	processes	with	a	variety	of	tasks	(e.g.	research	
question	 formation,	 data	 identification,	 data	 description,	 data	 manipulation,	 sensor	
measurements,	creating	graphs,	etc.).	Furthermore,	they	practised	on-topic	learning	through	their	
involvement	in	discussions	about	the	content	knowledge,	their	familiarisation	with	methods	and	
tools	used	 in	 the	 field	and	 their	 individual	 research	on	 the	 topic	of	 their	 interest.	Both	 types	of	
learning	 were	 supported	 by	 the	 interaction	 with	 others	 in	 the	 community.	 Finally,	 scientific	
literacy	gains	were	difficult	to	measure,	but	there	is	evidence	of	some	members	getting	engaged	
with	the	scientific	process,	improving	inquiry	skills	and	having	a	positive	attitude	towards	science.	
Members	 have	 also	 practised	 transferable	 skills,	 such	 as	 communication	 and	 writing,	 digital	
literacy	and	self-reflection	skills.	
Reflection	on	 the	 findings	have	 led	 to	 some	design	 suggestions	 for	Citizen	 Inquiry	projects	 that	








improve	 the	 practice	 within	 Citizen	 Inquiry	 and	 other	 similar	 citizen	 participation	 efforts.	
Furthermore,	the	consistency	of	results	and	conclusions	obtained	in	the	two	design	studies,	which	
were	conducted	in	two	diverse	online	communities	of	citizen	participation	with	different	scientific	
topics,	 suggest	 some	advancement	of	 theories	underpinning	Citizen	 Inquiry:	 citizen	 science	and	
inquiry-based	 learning.	 Reflection	 on	 the	 conclusions	 informs	 the	 research	 around	 citizen	
participation	in	scientific	investigations.			
In	 Chapter	 2	 (Table	 1),	 a	 typology	 of	 PPSR	 projects	 was	 presented,	 considering	 five	 levels	 of	
project	 typologies,	 based	 on	 the	 level	 of	 participation	 and	 the	 goals	 of	 every	 project	 type.	 The	
findings	of	this	PhD	research	suggest	that	Citizen	Inquiry	can	claim	a	position	in	Level	5,	together	
with	 extreme	 citizen	 science	 and	 collegial	 projects.	 The	 difference	 between	 Citizen	 Inquiry	 and	
these	project	 types	 is	 that	citizens	are	required	to	 facilitate	the	 investigations,	advancing	 in	 this	
way	 their	 role	 and	 addressing	 concerns	 around	 the	 function	 of	 citizens	 in	 PPSR	 projects	 (see	
Section	2.2.5).			
This	 facilitation	 of	 investigations	 by	 non-expert	 scientists	 required	 a	 better	 scaffolding	 system	
design	that	allowed	guidance	in	every	inquiry	step.	This	supporting	mechanism	–	provided	within	
Citizen	 Inquiry	 communities	 –	 tackled	 some	 issues	 around	 the	 facilitation	 of	 citizen-led	
investigations.	 In	 the	 future,	 it	 may	 also	 contribute	 to	 the	 dialogue	 about	 bottom-up	 PPSR	
projects,	 by	 providing	 some	 suggestions	 and	 solutions	 to	 questions	 around	 scaffolding	 and	
maintaining	these	types	of	projects.		
This	 scaffolding	 mechanism	 has	 employed	 inquiry-based	 learning	 and	 collaboration	 between	
experts	and	non-experts.	Although	inquiry-based	learning	has	been	used	in	school	education,	this	
research	 on	 Citizen	 Inquiry,	 rather	 than	 involving	 a	 teacher,	 utilised	 the	 presence	 and	
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contributions	 of	 expert	 scientists	 in	 the	 community.	 This	 collaborative	 learning	 and	
communication	is	rooted	in	Vygotsky’s	theory	(Vygotsky,	1980)	that	highlights	the	importance	of	




This	 set	 of	 skills	 and	 knowledge	 gained	 by	 citizens	 in	 this	 research	 provides	 evidence-based	
learning	 to	 enrich	evaluation	 frameworks	 for	 learning	outcomes	within	PPSR	projects.	 This	 PhD	
work	 focused	 and	 distinguished	 types	 of	 learning	 within	 Citizen	 Inquiry	 communities,	 such	 as	
vocabulary	 enhancement,	 misconception	 diagnosis	 and	 inquiry	 skills	 development.	 As	 learning	
outcomes	 and	 frameworks	 for	 evaluating	 them	 are	 limited	 in	 the	 field	 of	 PPSR,	 this	 evidence-
based	 research	may	 contribute	 to	 enriching	 existing	 frameworks	 (e.g.	 Kloetzer	 et	 al.,	 2013)	 or	
become	the	starting	point	for	new	ones.		
8.4 Limitations	of	current	work	
Although	 the	 research	 has	 reached	 its	 aims,	 there	were	 some	 unavoidable	 limitations.	 First,	 in	
each	 Citizen	 Inquiry	 community,	 only	 a	 small	 number	 of	 participants	 took	 part	 and	 thus,	 it	 is	
unlikely	that	the	results	are	representative	of	an	extended	Citizen	Inquiry	community,	developed	
over	 a	 longer	 term.	 The	 small	 number	 of	 experts	 and	 their	 limited	 contribution	 during	 the	
community	 preparation	 and	 project	 period	was	 also	 a	 drawback	 that	may	 have	 influenced	 the	
scientific	nature	of	the	communities.		
Second,	although	part	of	this	research	has	focused	upon	the	enhancement	of	scientific	literacy,	it	
was	 not	 possible	 to	 provide	 quantitative	 detailed	 information	 about	 the	 change	 in	 knowledge,	
skills	and	attitude	before	and	after	 the	 intervention.	The	use	of	an	 instrument	designed	 for	 the	
needs	 of	 Citizen	 Inquiry	 community	 would	 be	 useful	 to	 measure	 any	 potential	 changes	 and	
compare	these	to	efforts	made	in	other	projects.	However,	the	administration	of	 instruments	 in	
informal	 learning,	 such	as	pre/post-tests,	 to	members	who	are	volunteers	should	be	made	very	
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cautiously	 as	 it	 may	 lead	 them	 to	 drop	 out	 of	 the	 community,	 particularly	 if	 they	 are	 new	
members.		
Finally,	 while	 the	 use	 of	 the	 nQuire-it	 platform	 has	 enabled	 direct	 access	 to	 the	 log	 files	 and	
Google	analytics	site	and	allowed	the	implementation	of	design	requirements,	more	time	would	
allow	 additional	 enhancements	 (e.g.	 demonstration	 of	 top	 posters,	 badges,	 etc.)	 that	 would	
further	 improve	 the	 system.	 Implementation	 of	 those	 enhancements	 would	 also	 allow	 further	
exploration	of	their	impact	and	success	level	on	the	online	communities.		
8.5 Agenda	for	further	research	
This	 thesis	has	made	 contributions	 to	 knowledge	 regarding	 specific	 aspects	of	 engagement	and	
scientific	learning	in	Citizen	Inquiry	communities,	but	has	also	sparked	a	set	of	research	questions	
to	 continue	 the	 inquiry	 about	 how	 citizens’	 engagement	 with	 scientific	 investigations	 can	 be	
improved.	The	current	study	has	provided	a	snapshot	into	two	Citizen	Inquiry	communities,	how	
they	were	created	and	developed	over	time,	how	members	 interacted	with	each	other,	 in	what	







accordingly,	 they	maintained	the	role	of	 the	mentor	and	did	not	create	any	 investigation	or	get	
involved	in	discussions	unless	providing	feedback	to	non-experts.	On	the	other	hand,	Weather-it	
experts	joined	the	community	in	the	same	way	as	other	participants	and	got	involved	in	inquiries	





and	 researcher-driven	 with	 clear	 benefits	 for	 the	 scientists:	 access	 to	 data,	 publications,	 etc.	
Citizen	 Inquiry	communities	do	not	 involve	extrinsic	motives	for	scientists	when	recruiting	them	
to	 the	 projects.	 Nevertheless,	 feedback	 by	 experts	 on	 Weather-it	 (Section	 6.5.8)	 mentions	
outreach	 as	 a	 benefit,	 as	 it	 helps	 them	 to	 improve	 their	 understanding	 of	 the	 field	 better	 by	
explaining	it	to	lay	people.	Hence,	outreach	may	be	one	of	the	advertised	benefits	for	scientists	to	
join	 the	 community.	 Furthermore,	 it	 was	 also	mentioned	 by	 experts	 that	 there	 is	 potential	 for	
data	collection	in	Citizen	Inquiry	communities.	Although	that	would	make	a	powerful	motive	for	
scientists	 to	 join,	 further	 investigation	 needs	 to	 be	 done,	 so	 that	 the	 nature	 of	 Citizen	 Inquiry	
communities	are	maintained	and	not	fall	within	the	contributory	citizen	science	projects.	
How	to	eliminate	reasons	for	disengagement?	
Beyond	 the	 engagement	 factors	 that	 facilitate	 members’	 retention	 to	 the	 community,	
disengagement	 factors	 are	 also	 important	 for	 preventing	 drop	 outs.	 In	 both	 Citizen	 Inquiry	
communities	members	mentioned	 reasons	 that	made	 them	 leave	 the	community	or	 leave	 their	





preventing	 disengagement	 through	 interventions.	 For	 instance,	 comparative	 case	 studies	 using	






As	 reported	 in	 this	 PhD	 thesis,	 sustainability	 is	 one	 of	 the	 main	 research	 topics	 of	 citizen	
participation	 and	other	 online	 communities.	 The	 sustainability	 of	 the	 community	 does	not	 only	
depend	 on	 the	 hosting	 platform	 and	 the	 tools,	 but	 also	 on	 the	 facilitation	 by	moderators.	 The	
design	 of	 Inquiring	 Rock	 Hunters	 did	 not	 provide	 many	 opportunities	 for	 interaction	 and	
discussion	 and	 therefore,	 the	 participants	 left	 the	 platform	 once	 they	 finished	 with	 their	 own	
investigations,	 or	 even	 before	 that.	Weather-it	 went	 one	 step	 further	 and	 provided	 tools	 that	
supported	 the	 interaction	 between	 the	 members	 while	 enhancing	 the	 sense	 of	 community.	
However,	 the	 findings	 revealed	 that	 the	 design	 itself	 was	 not	 sufficient	 in	 sustaining	 the	




for	 a	 longer	 period	 of	 growth,	 a	 number	 of	 moderators	 should	 be	 available	 regularly	 and	
constantly.	Nevertheless,	this	option	requires	not	only	trusted	loyal	members	to	act	as	community	
facilitators,	 but	 also	 science	 expert	 volunteers	 to	 support	 the	 science	 learning	 aspect.	 Another	
option	may	 involve	Citizen	 Inquiry	being	a	part	of	a	 citizen	 science	community	 that	already	has	
researchers	acting	as	facilitators.	Anyhow,	a	future	intervention	should	aim	to	explore	a	number	




interested	 in	 the	 topic	 and	 to	 learn	more	about	 it,	 yet	 they	 report	no	evidence	 that	 they	 learn	
about	 the	 scientific	 process.	 In	 Weather-it,	 although	 the	 members	 did	 not	 include	 scientific	
process	 learning	 gains	 in	 their	 self-reported	 knowledge,	 there	 is	 evidence	 from	 their	 activity	





This	 suggests	 that	 further	 exploration	 of	 the	 balance	 between	 the	 entertainment	 and	 scientific	
aspect	 of	 a	 Citizen	 Inquiry	 community	 is	 needed.	 Learning	 about	 the	 nature	 of	 science	 is	 an	
important	 part	 of	 Citizen	 Inquiry,	 but	 entertainment	 or	 engagement	 is	 also	 important	 for	
sustaining	 participation	 in	 the	 community.	 Visualising	 the	 scientific	 process	with	 all	 the	 inquiry	
phases	individually	and	conveying	the	culture	of	the	scientific	field	in	a	fun	way	may	enhance	both	
aspects.	 Still,	 further	 exploration	 of	 this	 balance	 may	 also	 require	 developing	 instruments	 for	
measuring	both	aspects.		
8.6 Final	reflections	
This	PhD	 thesis	 investigated	and	addressed	 successfully	 research	questions	around	 the	 creation	
and	sustainability	of	an	online	community	for	people	to	engage	in	scientific	inquiries.	To	this	end,	
components	 of	 inquiry-based	 learning	 and	 citizen	 science	were	 synthesised	 and	 a	design-based	
approached	was	used	with	success	for	the	design	and	exploration	of	two	different	Citizen	Inquiry	
communities.	 This	 research	 has	 considered	 a	 variety	 of	 aspects	 around	 the	 formation	 of	 the	
community:	 the	 software	 design,	 the	 engagement	 strategies,	 the	 interaction	 between	 the	
members,	 the	 engagement/disengagement	 factors	 and	 the	 science	 learning	 outcomes.	 It	 has	




Citizen	 Inquiry	 communities	must	 be	 supported	 so	 that	members	will	 be	more	 engaged	 in	 the	






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The	 type	of	 your	 inquiry	will	 depend	on	 your	 level	 of	 geology	 knowledge.	 For	 example,	 an	 inquiry	 could	
include	a	question	relevant	to	general	knowledge	about	rocks	such	as	“Why	are	some	rocks	light	coloured	

























































































































































































































































Abroholos	 1.000	 0.011	 0.000	 		
Altocumulus	 0.063	 0.235	 0.500	 		
Altostratus	 0.000	 0.033	 1.000	 		
Arcus	 0.095	 0.808	 0.333	 0.000	
Austru	 0.147	 0.969	 0.263	 13.331	
Bali	 0.500	 0.023	 0.000	 		
Barat	 0.094	 0.928	 0.250	 4.224	
Barber	 1.000	 0.011	 0.000	 		
Bayamo	 1.000	 0.036	 0.000	 		
Bora	 0.778	 0.091	 0.000	 1.118	
Boreas	 0.393	 1.000	 0.111	 2.021	
Brisa	 0.098	 0.979	 0.100	 12.298	
Brisote	 0.046	 0.756	 0.250	 21.500	
Brubu	 0.092	 0.946	 0.200	 7.871	
Chinoo	 0.054	 0.402	 0.333	 0.000	
Chubasco	 0.444	 0.818	 0.200	 1.247	
Cirrocumulus	 0.200	 0.714	 0.250	 5.437	
Cirrostratus	 0.000	 0.030	 1.000	 		
Cirrus	 0.111	 0.692	 0.000	 10.654	
Contrail	 0.500	 0.025	 0.500	 		
Contrastes	 0.000	 0.012	 1.000	 		
Cordonazo	 0.000	 0.013	 1.000	 		
Coromell	 0.000	 0.012	 1.000	 		
Cumulonimbus	 0.000	 0.111	 1.000	 		
Cumulus	 0.414	 0.983	 0.200	 1.763	
Cyclone	 1.000	 0.011	 0.000	 		
Diablo	 0.116	 0.750	 0.273	 12.960	
Drought	 0.111	 0.692	 0.500	 2.000	
Etesian	 0.375	 0.083	 0.000	 0.500	
Euros	 1.000	 0.333	 0.000	 		
Fallstreak	 0.000	 0.036	 1.000	 		
Foehn	 0.500	 0.077	 0.500	 		
Fremantle	 0.500	 0.071	 0.000	 0.000	
Funnel	 0.250	 0.421	 0.000	 0.000	
Gregale	 0.014	 0.780	 0.800	 		
Haboob	 0.071	 0.918	 0.000	 15.370	
Harmattan	 1.000	 0.012	 0.000	 		
Lenticular	 1.000	 0.029	 0.000	 		
Leste	 0.593	 0.276	 0.158	 0.895	
Levantera	 0.000	 0.012	 1.000	 		
Levanto	 0.278	 0.551	 0.167	 5.199	
Maestro	 0.000	 0.044	 1.000	 		
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Mammatus	 0.000	 0.200	 1.000	 		
Matanuska	 0.333	 0.032	 0.500	 		
Mistral	 0.636	 0.113	 0.000	 0.471	
Mushroom	 1.000	 0.012	 0.000	 		
Nacreous	 1.000	 0.029	 0.000	 		
Nashi	 0.224	 0.630	 0.000	 6.029	
Nimbostratus	 0.000	 0.036	 1.000	 		
Noctilucent	 0.000	 0.050	 1.000	 		
Norte	 0.295	 0.979	 0.152	 3.507	
Norther	 1.000	 0.026	 0.000	 		
Ostria	 0.263	 0.969	 0.074	 3.998	
Pali	 0.083	 0.264	 0.333	 0.000	
Pampero	 1.000	 0.011	 0.000	 		
Papagayo	 0.017	 0.789	 0.667	 		
Santa-Ana	 0.182	 0.710	 0.500	 6.128	
Shamal	 0.222	 0.957	 0.048	 7.928	
Sharki	 0.083	 0.980	 0.529	 12.068	
Sirocco	 0.250	 0.098	 0.000	 0.000	
Squamish	 0.000	 0.091	 1.000	 		
Stratocumulus	 0.000	 0.038	 1.000	 		
Stratus	 0.459	 0.949	 0.105	 1.256	
Suestado	 1.000	 0.012	 0.000	 		
Sumatra	 0.000	 0.012	 1.000	 		
Sundowner	 0.068	 0.898	 0.250	 14.500	
Tahuantepecer	 0.000	 0.011	 1.000	 		
Taku	 0.625	 1.000	 0.167	 0.829	
Tramontana	 0.086	 0.988	 0.300	 5.620	
Typhoon	 0.163	 0.956	 0.176	 6.811	
Undulatus	 0.556	 0.818	 0.000	 0.707	
Vardar	 0.400	 0.102	 0.000	 1.633	
Virga	 0.048	 0.677	 0.000	 0.000	
WarmBraw	 0.150	 0.800	 0.250	 9.500	
White-Squall	 0.000	 0.026	 1.000	 		
Williwaw	 0.195	 0.951	 0.000	 9.745	
Zephyros	 0.313	 0.980	 0.118	 0.480	
Average	 0.318	 0.415	 0.351	 5.112	






Member	 Engagement	profile	 Cluster	 Distance	from	
cluster	centre	
Abroholos	 Visitors	(observing)	 5a	 0.079	
Altocumulus	 Visitors	(active)	 5b	 0.231	
Altostratus	 Visitors	(hesitant)	 5c	 0.012	
Arcus	 Visitors	(active)	 5b	 0.435	
Austru	 Persistent	 2	 0.191	
Bali	 Visitors	(observing)	 5a	 0.429	
Barat	 Lurker	 1	 0.257	
Barber	 Visitors	(observing)	 5a	 0.079	
Bayamo	 Visitors	(observing)	 5a	 0.072	
Bora	 Hardworking	 3	 0.228	
Boreas	 Loyal	 4	 0.088	
Brisa	 Persistent	 2	 0.239	
Brisote	 Persistent	 2	 0.28	
Brubu	 Persistent	 2	 0.27	
Chinoo	 Visitors	(active)	 5b	 0.137	
Chubasco	 Loyal	 4	 0.139	
Cirrocumulus	 Lurker	 1	 0.107	
Cirrostratus	 Visitors	(hesitant)	 5c	 0.015	
Cirrus	 Persistent	 2	 0.29	
Contrail	 Visitors	(active)	 5b	 0.495	
Contrastes	 Visitors	(hesitant)	 5c	 0.033	
Cordonazo	 Visitors	(hesitant)	 5c	 0.033	
Coromell	 Visitors	(hesitant)	 5c	 0.033	
Cumulonimbus	 Visitors	(hesitant)	 5c	 0.066	
Cumulus	 Loyal	 4	 0.141	
Cyclone	 Visitors	(observing)	 5a	 0.079	
Diablo	 Persistent	 2	 0.181	
Drought	 Lurker	 1	 0.242	
Etesian	 Hardworking	 3	 0.194	
Euros	 Visitors	(observing)	 5a	 0.297	
Fallstreak	 Visitors	(hesitant)	 5c	 0.009	
Foehn	 Visitors	(active)	 5b	 0.459	
Fremantle	 Visitors	(observing)	 5a	 0.429	
Funnel	 Visitors	(active)	 5b	 0.38	
Gregale	 Visitors	(active)	 5b	 0.607	
Haboob	 Persistent	 2	 0.297	
Harmattan	 Visitors	(observing)	 5a	 0.079	
Lenticular	 Visitors	(observing)	 5a	 0.073	
Leste	 Hardworking	 3	 0.194	
Levantera	 Visitors	(hesitant)	 5c	 0.033	
Levanto	 Lurker	 1	 0.267	
Maestro	 Visitors	(hesitant)	 5c	 0.001	
Mammatus	 Visitors	(hesitant)	 5c	 0.155	
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Matanuska	 Visitors	(active)	 5b	 0.403	
Mistral	 Hardworking	 3	 0.096	
Mushroom	 Visitors	(observing)	 5a	 0.079	
Nacreous	 Visitors	(observing)	 5a	 0.073	
Nashi	 Loyal	 4	 0.366	
Nimbostratus	 Visitors	(hesitant)	 5c	 0.009	
Noctilucent	 Visitors	(hesitant)	 5c	 0.005	
Norte	 Loyal	 4	 0.188	
Norther	 Visitors	(observing)	 5a	 0.074	
Ostria	 Loyal	 4	 0.228	
Pali	 Visitors	(active)	 5b	 0.162	
Pampero	 Visitors	(observing)	 5a	 0.528	
Papagayo	 Visitors	(active)	 5b	 0.474	
Santa-Ana	 Lurker	 1	 0.212	
Shamal	 Persistent	 2	 0.295	
Sharki	 Persistent	 2	 0.357	
Sirocco	 Visitors	(active)	 5b	 0.474	
Squamish	 Visitors	(hesitant)	 5c	 0.046	
Stratocumulus	 Visitors	(hesitant)	 5c	 0.007	
Stratus	 Loyal	 4	 0.073	
Suestado	 Visitors	(observing)	 5a	 0.079	
Sumatra	 Visitors	(hesitant)	 5c	 0.033	
Sundowner	 Persistent	 2	 0.237	
Tahuantepecer	 Visitors	(hesitant)	 5c	 0.035	
Taku	 Loyal	 4	 0.249	
Tramontana	 Persistent	 2	 0.249	
Typhoon	 Persistent	 2	 0.108	
Undulatus	 Loyal	 4	 0.218	
Vardar	 Hardworking	 3	 0.19	
Virga	 Visitors	(active)	 5b	 0.493	
WarmBraw	 Persistent	 2	 0.23	
White-Squall	 Visitors	(hesitant)	 5c	 0.019	
Williwaw	 Persistent	 2	 0.307	
Zephyros	 Loyal	 4	 0.152	
	
